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1.0 Introduction - This report documents the results of a Federal

4viation Administration (FAA) noise measurement/flight test program
involving the Bell 222 twin-jet helicopter. The report contains
documentary sectlons describing the acoustical characteristiecs of the
subject helicopter and provides analyses and discussions addressing topics
ranging from acoustical propagation to envirommental impact of helicopter

nolse,

This report is the first in a series of seven documenting the FAA
helicopter nolse measurement program conducted at Dulles International

Adrport during the summer of 1983.

The test program was conducted by the FAA in connection with Bell
Helicopter Textron and a number of supperting Federal agencies, The
rigorously controlled tests involved the acquisition of detailed

acoustical, posirion snd meteorological data.

This test program was designed to address a series of objectives
including: 1) evaluation of "Fly Neighborly” (minimum noise) operating
procedures for helicopters, 2) acquisition of acoustical data for use in
heliport environmental iompact analyses, 3) documentation of directivicy
characteristics for static operation of helicopters, (4) establishment of
ground-to—ground and air-to-ground acoustical propagation relationships
for helicopters, 5) determination of noise event duration influences on
energy dose acoustical metrics, 6) examination of the differences between
nolse measured by a surface mounted microphone and a microphone mounted at
a height of four feet (1.2 meters), and 7) documentation of noise levels
acquired using international helicopter noise certification rest

procedures.



The appendices to this document provide a reference set of acoustical data
for the Bell 222 helicopter operating in a variety of typical flight
regimes, The firsc seven chapters contain the introduction and
description of the helicopter, test Procedures and rest equipment,

Chapter 8 describes analyses of flight Lra jectories and meteorological
data and is documentary in nature. Chapter 9 delves into the areas of
acoustical propagation, helicopter directivity for static operations, and
variability in measurad dcoustical data over various propagation surfacesg,
The analvses of Chapter 9 in some cases succead {in establishing
relationships characterizing the acoustic nature of the subject
helicopter, while in other instances the tesults are too variant and
anomalous to draw any firm conclusions. In any event, all of the analyses
provide useful insight to people working in the fielgd of helicopter
environmental dcoustics, either in providing a tool or by identifying

areas which need the illumination of further research efforts,



TEST HELICOPTER DESCRIPTION

2.0 Test Helicopter Description — The Bell 222 is & twin turbine—powered

transport helicopter capable of carrying 8 passengers and a crew of two.
The helicopter is manufactured by Bell Heliecopter Textron of Ft. Worth,
Texas, and was certificated by the FAA in August 1979, It was the first
commercial light twin-engined helicopter to be built in the United States
of America. Standard features of the aircraft include a 135 cubic foot
(3.82m3) passenger cabin which provides space for people over 6 feet
tall, a 500 1lb baggage compartment, provisions for an emnvirommental

eonctrol svstem and soundproofing.

Besides the standard configuration (the Bell 2224), the helicopter is
available in two others: the 222 Executive, which features luxury
aceommodations, and the 222 Offshore, & craft equipped with a flotatien

system and auxiliary fuel tanks for operations over water,

Selected operational characteristics, obtained from the helicopter

manufacturer, are presented in Table 2.1.

Table 2.2 presents a summary of the operational reference parameters
determined using the procedures specified in the International Civil
Aviation Organization (ICAC) noise certification testing requirements,
Presented along with the operational patameters are the altitudes that one
would expect the helicopter to attain (referred te the ICAD reference test
sites). This information is provided so that the reader may implement an
ICAO type data correction using the “As Measured” data contained in this
report. This report does not undertake such a correction, leaving it as

the topic of a subsequent report.




HELICOPTER CHARACTERISTICS

HELICOPTER MANUFACTURER
HELICOPTER MODEL

HELICOPTER TYPE

TEST HELICOPTER N-NUMBER
MAXIMUM GROSS TAKEOFF WEIGHT
NUMBER AND TYPE OF ENGINE(S)
SHAFT HORSE POWER (PER ENGINE)
MAXIMUM CONTINUQUS POWER

SPECIFIC FUEL CONSUMPTION AT
MAXIMUM POWER (LE/HR/HP)

NEVER EXCEED SPEED EVHE]

MAX SPEED IN LEVEL FLIGHT

WITH MAX CONTINUOUS POWER (V)

H
SPEED FOR BEST RATE OF CLIMB (Vy)

BEST RATE OF CLIMB

BELL HELICOPTER TEXTRON

BELL 222

SINGLE ROTOR

N20578

7850 1bs 93560 kg)

2 LYCOMING LTS 101-650C-3

TakeolT power installed
275 EHF\sea level standard dav

sea level glandatd day; )

: 1110 SHD(SJE SHP per engine

514 {1b/hr/hp)

157 KIAZ

147 KIAS

5 KIAS

1600 fpm

MAIN AND TAIL ROTOR SPECIFICATIONS

ROTOR SPEED (100%)
DIAMETER

CHORD

NUMBER CF BLADES
PERIPHERAL VELOCITY
BLADE LOAD

FUNDAMENTAL BLADE PASSAGE
FREQUENCY

ROTATIONAL TIP MACH NUMBER (77°F)

MAIN TAIL
48 - =] .
48 rpm 185 o
577.0 in g -
28.6 in 0.0 in
724 Pps 41 Ty
S 2
83 1b/ft =
17 Hz o B
6375 SE3F




TABLE 2.2

ICAQ REFERENCE PARAMETERS

TAKECFF APFROACH LEVEL FLYOVER

AIRSPEED (KTS) : B5 E5 127
RATE OF CLIME/DESCENT {fpm! : 1600 [atatad Ni
CLIME/DESCENT ANGLE (DEGREES) : 1401 E.0 MNE&
ALTITUDE/CPA (FEET)

SITE § : 257/245 3209/327 LG2

SITE 1 +412/400 304/362 £g2

SITE 4 +536/520 LLE/ 44T LGZ
SLANT. RANGE (FEET) TO

S1IE 2 : L2 Eap £S

SITE 3 BLZ 630 EGE




TEST SYNOPSIS

3.0 Test Synopsis - Below is a listing of pertinent details pertaining to

the execution of the helicopter tests,

l. Test Sponmsor, Program Management, and Data Analysis: Federal
Aviation Administration, Office of Environment and Energy, Noise Abatement
Division, Noise Technology Branch (AEE-120),

2. Test Helicopter: Bell-222, provided by Bell Helicopter Textron,

3. Test Dates: Tuesday, June 14, Wednesday, June 15, and Thursday,
June 16, [983.

4, Test Location: Dulles Internatioenal Alrport, Runway 30 over—run
area.

5. MNoise Data Measurement (recording), processing and analysis:
Department of Transportation (DOT), Transportation Systems Center CTSE).,
Noise Measurement and Assessment Facility.

6. Noise Data Measurement (direct-read), processing and analaysis:
FAA, Noise Technology Branch, {AEE-120).

7. Cockpit instrument photo documentation; photo-altitude
determination system; documentary photographs: Department of
Transportation, Photographic Services Laboratory.

8. Meteorclogical Data (fifteen minute observations): National
Weather Service Office, Dulles International Alrpore.

9. Meteorological Data (radiosonde/rawinsonde weather balloon
launches): MNational Weather Service Upper Air Station, Sterling Park,

Virginia.



10. Meteorological Data (on site observations): DOT-TS5C.

11. Flight Path Guidance {porrable visual approach slope indicator
(VASI) and theodolite/verbal course corrections): FAA Technical Center,
ACT-310.

12. Alr Traffic Control: ©Dulles International Airport Air Traffic
Control Tower,

13. Test site preparation; surveying, clearing underbrush, connecting
electrical power, providing markers, painting signs, and building the
radar pad: Dulles International Airport Grounds and Maintenance, and

Adrways Facilities personnel.

Flgure 3.1 is a photo collage of flight test and measurement personmnel

performing their tasks.

3.1 Measurement Facility — The noise measurement testing area was located

adjacent to the approach end of Runway 12 at Dulles International Airport.
{The approach end of Runway 12 is synonymous with Runway 30 over-run
area.) The low ambient noise level, the availability of emergency
equipment, and the security of the area all made this location desirable,.
Figure 3.1 provides a picture of the Dulles terminal and of the test

ared.

The test area adjacent to the runway was nominally flat with a ground
cover of short, clipped grass, approximately [BCQD feet by 2200 feet, and
bordered on north, south, and west by woods., There was minimun
interference from the commercial and general aviation activity at the
alrport since Runway 12/30 was closed to normal traffic during the tests.
The runways used for normal traffic, 1L and 1R, were approximately 2 and 3

miles eastc, respectively, of the test site,




Figure 3.1
Flight Test and Noise Measurement Personnel

In Action
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The flight track centerline was located parallel to Runway 12/30 between
the runway and the taxiway. The helicopter hover point for the static
operation was located on the southwest corner of the approach end of
Runway 12. Eight noise measurement sites were established in the grassy

drea adjacent to the Runway 12 approach ground track.

3.2 Microphone Locations - There were eight separate microphone sites

located within the testing area, making up two measurement arrays, One
array was used for the flight operations, the other for the static
operations. A schematic of the test area is shown in Figure 3.3.

A. Flight Operations - The microphone array for flight operations

consisted of two sideline sites, numbered 2 and 3 in Figure 3.3, and three
centerline sites, numbered 3, 1, and 4, located directly below the flight
path of the helicopter. Since site number 3, the north sideline 5ite, was
located in a lightly wooded area, it was necessary to offser it 46 feer to
the west to provide sufficient clearance from surrounding trees and
bushes.

B, GStatic Operations - The microphone array for static operations

consisted of sites 7H, 5H, IH, 2, and 4H. These sites were situated
around the helicopter hover point which was located on the southwest
corner of the approach end of Runway 12. These site locations allowed for

both hard and soft ground-to-ground propagation paths.

3.3 Flight Path Markers and Guidance System Locations — Visual cues in

the form of squares of plywood painted bright vellow with a black "X 1in
the center were provided to define the takeoff rotation point. This point

was located 1640 feet (500 m) from centerline center {CLC) microphone




location. Four portable, battery-powered spotlights were deployed at
various locations te assist pilots in maintaining the array centerline,

To provide visual guidance during the approach portion of the test, a
standard visual approach slope indicator (VASI) svstem was used. In
addition to the visual guidance, the VASI crew also provided verbal
guidance with the aid of a transit, Both methods assisted the helicopter
pilot in adhering to the microphone array centerline and in maintaining
the proper approach path. The locations of the VASI from CLC are shown in

the following table,

Approach Angle Distance from CLC
{degrees) (feet)
12 1830
9 2456
6 3392
3 7423

Each of these locations provided a glideparh which crossed over the

centerline center microphone location at an altitude of 394 feer.
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Figure 3.3
Noise Measurement and Photo Site Schematic
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TEST PLANNING AND BACKGROUND

4.0 Test Planning/Background Activities - This section provides a brief

discussion of important administrative and test planning activities.

4.1 Test Program Advance Briefings and Coordinmation — A pre-test briefing

was conducfed approximately one month prior to the test. The meeting was
attended by all pilots participating in the test, along with FAA program
managers, manufacturer test coordinators, and other key test participants
from the Dulles Airport community. During this meeting, the airspace
safety and communications protocol were rigorously defined and at the same
time test participants were able to iron out logistical and procedural
details. On the morning of the test, a final brief meeting was convened
on the flight line to review safety rules and coordinate last—minute

changes in the test schedule.

4.2 Communications Network - During the helicopter noise measurement

test, an elaborate communications network was utilized to manage the
various systems and crews. This network was headed by a central group
which coordinated the testing using three two-way radio systems,

designated as Radios 1-3.

Radio | was a walkie talkie system operating on 169.275 MHz, providing
communications between the VASI, National Weather Service, FAA Acoustic
Measurement crew, the TSC acoustic team coordinator, and the noise test

cogordinating team.

Radin 2 was 2 second walkie talkie system operating on 170,40 MHz,
providing communications between the TSC acoustic team coordinactor and the

TSC acoustic measurement Ceams,

13




Radio 3, a multi-channel transceiver, was used as both an air-to—-ground
and ground-to-ground communications system, In air-to-ground mode it
provided communications between VASI, helicopter flight crews, and noise
test control on 123,175 MHz., In ground-to—ground mode it provided
communications between the air traffic control rower (121.9 MHz), Page

Avijet (the fuel source) (122,95 MHz), and noise test control.

A schematic of this network is shown in Figure 4.1,

443 Local Media Notification - Noise rest Program managers working

through the FAA Office of Public Affairs prepared an article for release
to local media explaining that helicopter noise tests were to be conducted
at Dulles Airporc during the week of June 13, each test day commencing
around dawn and extending through midday. The article described general
test objectives, flight paths, and rationale behind the very early morning
start time (low wind requirements). In the case of a farm located VeTry
close to the airport, a member of the pProgram wanagement Ceam personally
visited the residents and explained what was going to be involved in the
test. As a consequence of these efforts (it is assumed), there were very

few complaints about the rest program.

4.4 Ambient Noise - One of the reasons that the Dulles Runway 30 over-run

drea was selected as the test site was the low amhbient neise level in the
area. Typically one ahserved an A=Weighted LEQ on the order of 45 di,
with dominant transient neise sources primarily from the avian and insect
families. The primary offender was the Collinus Virginianus,; commonly

known as the bobwhite, quail, or partridge. The infrequent intrusive

14




sound pressure levels were on the ovrder of 55 dB within the 2000 Hz

one—-third cctave hand.

As an additional measure for safety and for lessening ambient noise, a
Hotice to Alrmen or ROTAM was issued advising aircraft of the noise test,

and indicating that Runway 12/30 was closed for the duration of the test,

15
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DATA ACQUISITION AND GUIDANCE SYSTEMS

5.0 Data Acquisition and Guidance Systems - This section provides a

detailed description of the test program data acquisition systems, with
special attention given to documenting the operational accuracy of each
system. In addition, discussion is provided (as needed) which relates
field experiences which might be of help to others engaged in controlled
helicopter noise measurements. In each case, the location of a given
measurement system is described relative to the helicopter flight

path.

5.1 Approach Guidance System - Approach guidance was provided to the

pilot by means of a visual approach slope indicator (VASI} and through
verbal commands from an observer using a ballon-tracking theodelite. (&
picture of the theodolite is included in Figure 3.1, in Section 3.0.) The
VASI and theodolite were positioned at the point where the approach path

intercepted the ground.

The VAST system used in the test was a 3-light arrangement giving vertical
displacement informarcion within +0.5 degrees of the reference approach
slope. The pilot observed a green light if the helicopter was within 0.5
degrees of the approach slope, red if below the approach slope, white if
above. The VASI was adjusted and repositioned to provide a variety of

approach angles,

The theodolite system, used in conjunction with the VASI, also provided
accurate approach guidance to the pilot. A brief time lag existed between
the instant the theodolite observor perceived deviation, transmitted a
command, and the pilot made the correction; however, the theodolite crew
was generally able to alert the pilot of approach path deviations {(slope
and laterai displacement) before the helicopter exceeded the limits of the

one degree green light of the VASI. Thus, the helicopter anly
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TABLE 5.1

REFERENCE HELIGOPTER ALTITUDES FOR APPROACH TESTS
{all distances expressed in feet)

MICROPHONE MICROPHONE MICROPHONE
NOD. & W, R3. 5
LAPPROACH 4 = 8010 A = 7518 A= TO26
ANGLE =38 B = 420 B = 3494 E = 388
= +70 G iﬁ& C = +62
g° A = 4241 A 3T4G A = 3257
E = 443 B = 394 B = 342
C = +37 C = +33 C = 429
g A = 2080 A = 2488 A .= 1382
B = 472 B = 304 Bz 318
s +27 E= :QE | it~ ;]B

=
]

distance from VASI to microphone location
B = referance helicopter altitude

C = boundary of the 1 degrse VASI slide siope
"Geam width".
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occasionally and temporarily deviated more than 0.5 degrees from the

reference approach path.

Approach paths of 6§ and 9 degrees were used during the test program.
Table 5.1 summarizes the VASI beam width at each measurement location for

a variety of the approach angles used in this test,

5,2 Photo Altitude Determination Systems — The helicopter altitude over a

given microphone was determined by the photographic technique described in
the Society of Automotive Engineers report AIR-902 (ref. 1). This
technique involves photographing an aircraft during a flyover event and
proportionally scaling the resulting image with the known dimensions of
the aircraft. The camera is initially calibrared by photographing a rest
object of known size and distance. Measuring the resulting image enables
caleulacion of the effective focal length from the proportional

relationship:

(image length)/(object length)=(effective focal length)/(object distance)

This relationship is used to caleulate the slant distance from microphone
to aircrafc. Effective focal length is determined during camera
calibration, object length is determined from the physical dimensions of
the aircraft (typically the rotor diameter or fuselage) and the image size
is measured on the photograph., These measurements lead to the calculation
of object distance, or the slant distance from camera or microphone to
aircraft. The concept applies similarly to measuring an image on a print,

or measuring a projected image from a slide.
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The SAE AIR-902 technique was implemented during the 1983 helicopter tests
with three 35mm single lens reflex (SLR) cameras using slide film. A
camera was positioned 100 feet from each of the centerline microphone
locations. Lenses with different foecal lengths, each individually
calibrated, were used in photographing helicopters at differing altitudes
in order to more fully "fill the frame" and reduce image measurement

Eerrorl.

The photoscaling technique assumes the aircraft is photographed directly
overhead. Although SAE AIR-902 does present equations to account Ffor
deviations caused by photographing too soon er late, or by the aircraft
deviating from the centerline, these corrections are not required when
deviations are small. Tyvpicallv, most of the deviations wers acoustically
insignificant. Consequently, corrections were not requitred for any of the

1983 test photos.

The photographer was aided in estimating when the helicopter was directly
oveérhead by means of a photo-overhead positioning system {POPS) as
illustrated in Figure 5.1. A pieture of the POP system is also included
in the photo collage (Figure 3.1) in Section 3.0. The POP systen
consisted of two parallel (to the ground) wires in a wvertical plane
orthogonal to the flight path, The photographer, lving beneath the POP
system, initially positioned the camera to coincide with the vertical
plane of the two guide wires. The photographer tracked the approaching
helicopter in the viewfinder and tripped the shucter when the helicopter
crossed the superimposed wires. This process of tracking the helicopter
also minimized image blurring and the conseguent elongation of the image

of the fuselage.
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A scale graduated in 1/37-inch increments was used to measure rthe
projected image. This scaling resolution translated to an error in
altitude of less than one percent. A& potential error lies in the scaler's
interpretation of the edge of the image. 1In an effort to quantify this
error, a test group of ten individuals measured a selection of the
fuzziest photographs from the helciopter tesrts, The resulting statistics
revealed that 21/3 of the participants were within two percent of the mean
altitude. SAE AIR-902 indicates that the overall photoscaling technique
has a2 minimum (at its worst) accuracy of 12 percent which is eqguivalent to
8 maximm of 1 dB error in corrected sound level data. Actual accuracy
varies from photo ta photo; however, by using skilled photographers and
exercising reasonable care in the measurements, the aceuracy is good

enough to ignore the resulting small error in altitude,

5.3 Cockpit Photo Data - During each flight operation of the test

program, cockpit instrument panel photographs were taken with a 35mm SLR
camera, with a 85um lens, and high speed slide film. These plctures
served as verification of the helicopter's speed, altitude, and torque at
4 particular point during a test event. The photos were intended to be
taken when the aircraft was directly over the centerline-center microphone
site, site #1 (see Figure 3.3). Although the photos were not always taken
at precisely that point, the pictures do represent a typical moment during
the test event. The word typical is important because the snapshot
freezes instrument readings at one moment in time, while actually the
readings are constantly changing by a small amount because of instrument
fluctuation and pilot input. Thus, fluctuations above or below reference
conditions are to be anticipated. A reproduction of a typical cockpit

photo is shown in Figure 5.2, The use of video tape 1Is being considered
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tor the future tests to acquire a continuous record of cockpit parameters.
When slides were projected ontc a screen, it was possible to read and
record rthe instrument readings with reasonable accuracy.. This data
acquisition system was augmented by the presence of an experienced cockpit
observer who provided additional documentation of operational

parameters.,

Figure 5.2

J.4 Upper Air Meteorological Data Acquisition/NWS5: Sterling, VA — The

National Weather Service (NUS) at Sterling, Virginia provided upper air
meteorolegical data ocbtained from balloon-borne radiosondes. These data
consisted of pressure, temperature, relative humidity, wind direction, and
speed at 100" intervals from ground level through the highest test
altitude, The balloons were launched approximately 2 miles north of the
measurement array, To slow rthe ascent rate of the balloon, an inverted
parachute was attached to the end of the flight train. The VIZ #ccu-Lok

(manufacturer) radicsonde employed in these tests consisted of sensors



which sampled the ambient temperature, relative hunidity, and pressure of
the air., Each radiosonde was individually calibrated by the manufacturer,
The sensors were coupled to 2 radioc Cransmitcer which emitted an RF signal
of 1680 MHz sequentially pulse-modulated at rares corresponding to the
sampled meteorological parameters, These signals were received by the
ground-based tracking svstem eontrol circuitry and converted into a
continuous trace on a strip chart recorder. + The levels were then
extracted manually and enrered into a minicomputer, and the calculations
were performed automatically. Wind spead and direction were determined
from changes in position and direction of the "flight train" as detected
by the radiosonde tracking system, Figure 5.3 shows technicians preparing

to launch a radiosonde,

by

Figure 5.3



The manufacturer's specifications for accuracy are:
Pressure = +4 mb up to 250 mb
Temperature = +0.5°C, over a range of +30°C to -30°C

Humidity = +5% over a range of 25°C +5°C (20%-96%)

The Hational Weather Service has determined the "operational accuracy” of
radiosonde (a documented in an unpublished report entitled "Standard for

Weather Buresau Field Programs”, 1-1-67) to be as follows:

Fressure = +2 mb, over a range of 1050 - 5 mb
Temperature = iﬂ“C, over a range of +50°C to -70°C

Humidity = +5% over 'a range of +40°C to —40°C (10% to 100%)

The temperaturs and pressure data are considered accurate enough for our
purposes. The relative humidity data are the least reliable. The
radiosonde reports lower than actual humidities when the air is near
saturation. These inaccuracies are attributable to the slow response time

of the VIZ humidity sensor to sudden changes. (ERef. 2.

5+5 BSurface Meteorclogical Date Acquisition/HWS: Dulles Airporr = The

Hational Weather Service Station at Dulles provided temperature,
windspeed, and wind direction on the test day. Headings were noted every
15 minutes. These data are presented in Appendix H. The temperature
transducers were locared approximarely 2.5 miles east of the test site at
a height of 6 feet (1.8 m) above the ground, the wind instruments were at
a height of 30 feet (10 m) above ground level. The dry bulb thermometer
and dew point transducer were contained in the Bristol (manufacrturer)
HO-61 system operating with + one degree accuracy. The windspeed and
direction were measured with the electric speed indicator company F420C

System, operating with an accuracy of 1 knot and_rﬁ“ (maximum).

25



On-site meterological data were also obtained by TSC personnel using a
Climatronics (manufacturer) model EWS weather system, The anemometer and
temperature sensor were located 10 feet ahove ground level at noise

site 4. These data are presented in Appendix 1. The following tahle

identifies the accuracy of the individual components of the EWS

system,
Sensor Accuracy Range Time Constant
Windspeed +.025 mph 0-100 mph 5 sec
er 1.5%
Wind F1.5% (=360° Mech 15 sec
Direction 0=-540% Elect
Belative +2% (~100% RH 10 seec
Humidity 0-100% RH
Temperarure  +1.0°F =40 to +120°F 10 sec

After "detecrion” (sensing), the meteorological data are récorded on a
Rustrak (manufacturer) paperchart recorder. The following tahble
identifies the range and resclurions assoclated with the recording of each

parameter,

Sensor Range Chart Resolution
Windspeed 0=25 TSC mad +0.5 mph
0=50 mph
Wind O0=-540° +57
Direction
Relative 0=100% EH +2% RH
Humidity
Temperature -40% to 120°F +1°F

5.6.0 Noise Data Acquisition Sytems/System Deployment — This section

provides a detailed description of the acoustical mEdsUrenent systems
employed in the test progranm along with the deployment plan utilized in

each phase of testing.
26



5.6.1 Descriprtion of TSC Magnetic Recording Systems - TSC personnel

deploved Nagra two—channel direct-mode tape recorders, Nolse data were
recorded with essentially flat frequency response on one channel. The
same input data was welghted and amplified using a high frequency
pre—emphasis filter and was recorded on the second channel. The
pre—enphasis network rolled off those frequencies below 10,000 Hz at 20 4B
per decade. The use of pre-emphasis was necessary in order to boost the
high frequency portion of the acoustical signal (such as a helicopter
spectrum) characterized by large level differences (30 to 60 dB) between
the high and low frequencies. Recerding gains were adjusted so that the
hest possible signal-ro-noise ratio would be achieved while allowing
enough “head room” to comply with applicable distorcion avoidance

Tequirenents.,

IRIG=-E rime code synchronized with the ctracking time base was recorded on
the cue channel of each system. The typical measurement system consisted
of a General Radio 1/2 inch electret microphone oriented for grazing
incidence driving a General Radio P-42 preamp and mounted at a height of
four feet (1.2 meters). A 100-footr (30.5 meters) cable was used between
the tripod and the instrumentation wvehicle located at the perimerer of the
test circle. A schematic of the acoustical instrumentation is shown in

Figure 3.4,

Figure 5.4 also shows the cutaway windscreen mounting for the ground
microphone. This configurarion places the lower edge of the microphone
diaphram approximately one-half inch from the plywood (4 ft by 4 ft)
surface. The ground microphone was located off center in order to avoid

natural mode resonant vibration of the plywood sguare,
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5.6.2 FAA Direct Read Measurement Systems= - In addition te the recerding

systems deployved by TSC, four direct read, Type-l noise measurement
systems were deployed at selectsd sites. Each nolse measurement site
consisted of an identical microphone-preanplifier system comprised of a
Caneral Radie 1/2-inch electret microphone (1962-9610) driving a General
Radio P-42 preamplifier mounted 4 feet (l.2Zm) above the ground and

oriented for grazing incidence. Each microphone was covered with a J-inch

windscreen.

Three of the direct read systems utilized a 100-foot cable connecting the
microphone system with a General Radio 1988 Precision Integrating Soound
Level Meter (PISLM). In each case, the slow response A-welghted sound
level was output teo a graphic level recorder (GLR}). The GLRs operated at
a paper transport speed of 5 centimeters per minute (300 cm/hr)., These
systems collected single event data consisting of maximum A-weighted Sound
level (AL), Sound Exposure Level (SEL), integration time (T), and

equivalent sound level (LEQ).

The fourth microphone system was connected to a General Radio 1931E Sound
level Meter. This meter, used at site 7H for static operations only,
provided A-weighted Sound Level wvalues which were processed using a micro

gampling technique to determine LE(Q.

All instruments were calibrated at the beginning and end of each test day
and approximately every hour in between. A schematie drawing of the basic

direct read system is shown in Figure 5.5.
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5.6.,3 FAA Magnetic Recording System - On the third day of testing (see

Section 5.6.4), an FAA mobile magnetic tape recording system was deployed
at a2 single measurement site. This system consisted of the identical
microphone pre—-amplifier system used with the direct read noise
measurement equipment described in the previous section. The microphone
pre—amplifier system was connected by a 100-foot cable (30.5 m) to a
two—channel Nagra IV-S5J] magnetie tape recorder., Amplification was
provided by an Ithaco model 451 amplifier. Data were recorded
gimultanecusly on both channels in the linear mode. IRIG-B time code
synchronized with field time was recorded on the cue channel. A schematic

of the acoustical instrumentation is shown in Figure 5.6.

5.6.4 Deployment of Acoustiecal Measurement Instrumencation - This section

describes the deployment of the magneric tape recording and direct read

noise measurement systems.

On the first two days of testing, TSC deploved six magnetic tape recording
systems. During the flight operations, four of these recording system
were located at the three centerline sites: one system at site &, one at
site 5, and two of the systems at centerline center with the microphone of
one of those systems at 4 feet above ground, the microphone of the other
at ground level. The two remaining recording systems were located at the
two sidelines sites. The FAA deployed three direct read systems at the
three ceanterline sites during the flight operations. Figure 5.7 provides
a schematic drawing of the equipment deployment for the flight

operations.
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In the case of static operations, only four of the six recorder systems
were used. The recorder system with the 4-foot microphone at site 1 moved
to site 1H. The recorders at sites 4 and 5 moved te 4H and 5H
respectively. The recorder at site 2, the south sideline site, was also
used. The three direct read systems were moved from the centerline sites
to sites 5H, 2, and 4H. The fourth direct read system was employed ar
site 7H. Figure 5.8 provides a schematic diagram of the equipment

deployment for the static operations.

After the second day of testing, the major portion of the program had been
completed. Because of a questionable weather outlook and transportaion
difficulties on the third day, it was determined that the remainder of the
test would be conducted using an abbreviated acoustical array. It was
deemed sufficient teo use the four direct read noise measurement Systems
and one FAA magnetic ctape recording system. The four direct read systems
were located ar the three centerline sites and site 3, the north sideline
site. The magnetic tape recorder was located at site 2, the south

sideline sire. The deployment of this equipment is shown in Figure 5.9.
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ACOUSTICAL DATA REDUCTION

6.0 Acoustical Data Reduction - This section describes the treatment of

tape recorded and direct read acoustical dara from the point of
acquisition to point of entry into the data tables shown in the appendices

of this document.

.1 TS5C Magnetic Recording Data Reduction - The analog magnetic tape

recordings analyzed at the TSC facility in Cambridge, Massachusetts were
fed into magnetic disc storage after filtering and digitizing using the
GenRad 1921 one-third octave real-time analyzer. Recording systenm
frequency response adjustments were applied, assuring overall linearity of
the recording and reduction system. The stored 24, one-third octave sound
pressure levels (SPLs) for contiguous one-half second integration periods
making up each event comprise the base of “raw data.” Dara reduction
followed the basic procedures defined in Federal Aviation Regulacion (FAR)
Part 36 (Ref. 3). The following sections describe the steps involved in

arriving at final sound level wvalues.

f.1.1 Ambient Noilse — The ambient noise is considered to consist of both

the acoustical background noise and the electrical noise of the
measurement system. For each event, the ambient level was taken as rthe
five to ten-second time averaged one-third octave band taken immediately
prlior to the event. The ambient noise was used to correct the measured
raw spectral data by substracting the ambient level from the measured
noise levels on an energy basis. This substraction yielded the corrected

noise level of the aircraft. The following execptions are noted:

1. At one-third octave frequencies of 630 Hz and below, if the
measured level was within 3 dB of the ambient level, the measured level
was corrected by being set equal to the ambient. If the measured level

was less than the ambient level, the measured level was not corrected.
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2. At one-third octave frequencies above 630 Hz, if the measured
level was within 3 dB or less of the ambient, the level was identified as

"masked.,"”

6.1.2 GSpectral Shaping - The raw spectral data, corrected for ambient

noise, were adjusted by sloping the spectrum shape at -2 dB per one-third
octave for those bands (above 1.25 kHz) where the signal to noise ratio
was less than 3 dB, i.e., "masked" bands. This procedure was applied in
cases involving no more than 9 "masked”™ cne-third octave bands. The
shaping of the spectrum over this 9-band range was conducted to minimize
EPNL data loss. This spectral shaping methodology deviates from FAR-36
procedures in that the extrapolation includes four more bands than

normally allowed.

6.1.3 Analysis System Time Constant/Slow Response - The corrected raw

spectral data (contiguous linear 1/2 second records of data) were
processed using a sliding window or weighted running logarithmic averaging
procedure to achieve the "slow" dynamic response equivalent to the "slow
response” characteristic of sound level meters as required under the
provisions of FAR-36. The following relationship using four consecutive

data records was used:

0.1L, =3 0.1L

- - =i} =1 oy
)0 210107 BT 140,27 (10, iT 4oL 3010,

where L; is the one-third octave band sound pressure level for the ith

one-half second record number.

6.1.4 Bandsharing of Tones — All calculations of PNLTM included testing

for the presence of band sharing and adjustment in accordance with the

procedures defined in FAR-36, Appendix B, Section B 36.2.3.3, (Ref. 4).
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6.1.5 Tone Corrections — Tone corrections were computed using the

helicopter acoustical spectrum from 24 Hz to 11,200 Hz, (bands l& through
40). Tone correction values were computed for bands 17 through 40, the
same sert of bands used in computing the EPNL and PNLT. The initiatiom of
the tone correction procedure at a lower frequency reflects recognition of
the strong low frequency tonal content of helicopter nolse. This
procedure is in accordance with the requirements of ICAQ Annex 16,

Appendix 4, paragraph 4.3. (Ref. 35)

6.l.6 Other Metrics - In addition to the EPNL/PHLT family of metrics and

the SEL/AL family, the overall sound pressure level and 10-dB down

duraction times are presented as part of the "As Measured” data set in
Appendix A. Two factors relating to the event time history (distance
duration and speed corrections, discussed in a later section) are also

presented.

6.1.7 Spectral Data/Statiec Tests — In the case of static operations,

thirty-two seconds of corrected raw spectral data (64 contiguous 1/2
second data records) were energy averaged to produce the data tabulared in
Appendix [, The spectral dara presented is "as measured” at the emission
angles shown in Figure 6.1, established relative to each microphone
location, Also Iincluded in the tables are the 360 degree (eight emission
angles) average levels, calculared by both arithmetic and energy

averaging.

a8

Note that "masked" levels (see Section B6.l1.l1) are replaced in the tables
of Appendix D with a dash (-). The indexes shown, however, were

calculated with a shaped spectra as per Section 6.l.2.
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6.2 FAA Direct Read Data Reduction - FAA direct read data was reduced

using the Apple Ile microcomputer and the VISICALCE® software package,
VISICALC® Is an electronic worksheet composed of 256 x 256 rows and
columns which can support mathematical manipulation of the data placed
anywhere on the worksheet. This form of computer software lends itself
Lo a variety of data analyses, by means of constructing templates
(worksheets constructed for specific purposes)., Data files can be
constructed to contain a variety of information such as noise data and
position data using a file format called DIF (dara interchange

format).

Data analysis can be performed by loading DIF files onto analysis
templates. The output or results can be displaved in a format suitable
for inclusien in reports or presentations. Data tables generated using
these techniques are contained in Appendices C and E, and are discussed 1in

Section 9.0.

6.2.1 Adircraft Position and Trajectory — A4 VISICALC® DIF file was created

Lo contain the photo altitude data for each event of each test series for
the test conducted. These data were input into a VISICALC® template
designated HELO ALT. The template HELO ALT was designed to perform a
3-point regression through the photo altitude data from which estimates of

aircraft altitudes could be determined for each microphone location.

6.2.2 Direct Read Noise Data — HELO NOISE was designed to take as input

two VISICALCE DIF files, The first contained the “as measured” noise
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levels SEL and dBA obtained from the FAA direct read systems and the 10-dB
duration time obtained from the graphic level recorder strips, for each of

the three wmicrophone sites.

The second consisted of the estimates of aircraft altitude over three
microphone sites., HELO NOISE also performed calculations to determine two
figures of merit related to the event duration influences on the SEL
energy dose metric. This analysis is deseribed in Sectien 9.4. 4ll1 of

the available HELO NOISE output templates are presented in Appendix C.

6.3 FAA Magnetic Recording Data Reduetion - FAA noise data whieh were

recorded on magnetie tape were input into a General Radio 1995 one—third
octave analyzer. The analyzer filtered and digitized the data which were
in turn input to a General Radioc TDS5-20 computer syscem and stored on an
RKO-5 magnetic disc. These data were processed according to the
procedures outlined in FAR Part 36 (and detailed in Section 6.1). These
processed noise levels consisted of those wvalues belonging te the

EPNL/PHLT and SEL/AL families of acoustical metrics.
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TEST SERIES DESCRIPTION

7.0 Test Series Description - The first and core part of the noise

measurement/flight test schedule for the Bell 222 included the ICAO noise
certification operations (takeoff, approach, and level flyover)
supplemented by level flyovers at various altitudes (at a constant
airspeed) and at wvarious airspeeds (at a constant altitude), The core
Lest was rounded out by a series of static operations designed to assess
helicopter directivity patterns and examine ground-to-ground

propagation.

The second part, the elective test program, gave the helicopter
manufacturer the opportunity to specify the operational regimes which best
embody "Fly Neighborly" concepts. In addition, the manufacturer was
invited to specify any other operations which might assist in establishing
Fly Neighborly procedures or promote a better understanding of test

limitarions, acoustical propagation or other phenomena of interest.

Table 7.1 provides a summary of the test dates, test series, and
operational description of the tests conducted on the Bell 222. Further
information is included in Sections 7+1=7.3, which describe the Bell-272
test schedule by test series, each test series representing a group of
simllar events. Each noise event is identlfied by a letter prefix,
corresponding to the appropriate test series, followed by a number which
represents the numerical sequence of event (i,e., 4l, A2, A3, A4, B3, BAR).
In the case of static operations, data are reported angle-referenced to
gach individual microphone locatien (i.e., J120, J165, J210, J255, J300,
J345, JO30, J75). Both Table 7.1 and the following test series
descriptions specify "tesc target” values (provided by Bell Helicopter)
for IAS and other parameters. Actual test run values are presented in

Appendix F.
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TABLE 7.1

TEST SUMMARY
Test Series Operational Descriptionm Test Date

4 1000' LFO IAS = 123 KTS June 15

B 500" LFO IAS = 137 KTS June 15

g 500' LFO IAS = 123 KI5 June 15

D 500' LFO IAS = 110 KTS June 15

E 500" LFO IAS = 96 KTS June 15

F 500" LFO IAS = 82 KTS Omitted from Flight Plan
i 700" LFO IAS = 137 KTS June 16

H 700" LED IAS = 123 KT5 June 18

I 700" LFD IAS = 110 KTS June 16

J 700" LFO IAS = 9% KTS Omitted from Flight Plan
K ICAD T/O June 14

L ICAD APP. June 14

M b Deg App TAS = 45 KTS June 14

N b Deg App IAS = 55 KIS June 14

o b Deg App IAS = 75 KTS June- 14

p 6 Deg App IAS = 85 KTS June 14

0 Mulci Segment APP June 15, 186
R Multi Segment APP June 15

5 Multi Segment APP June 15

T 12 Deg App TAS = 45 KTS June 14

u 12 Deg App IAS = 55 KTS June 14

v 12 Deg App IAS = 65 KTS June 14

W 12 Deg App IAS = 73 KTS June 14

X Startic (Hover-In-GCround- June 14

Effect)
¥ static (Flight Idle/ June 14

Ground Idle)

zZ Static (Hover-Qut-of- June 14
Ground=Effect)
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7.1 Test Log for June 14 - The following paragraphs present the test

series operational descriptions in chronological order beginning on

Tuesday, June l4.

June 14: The test, slated to start at 5:45 am, was delayed due to low
visibiliry. The decision was made to begin testing with static
operations., After repositioning the measuremenrt array, the test started

at b:41 am.

Test Series Y: Hover-in-ground effect, skid heighr approximately 5 faet
above ground level. A one minute sample of noise dara was acquired for

each of eight directivity angles,

Test Series X: Flight TIdle/Ground Operatieons, (skids en ground). Flighr
idle event numbers are followed by a lower case "a", while ground idle
events are followed by a lower case "b", (i.e., X300, %X300b). The flight
idle operations were conducted with main rotor RPM at 100 percent, while
ground idle operations reflected a &7 percent RPM wvalue. A one-minure
noise sample was acquired for flight idle RPM for each of eight
directivity angles, In the case of ground idle operations, data were

acquired for four directivity angles.

Test Series Z: Hover-out-of-ground-effect, skid neight approximately 60
feet (18.28 mecers). With main rotor RPM at 100 percent, a one-minute
sample of noise data was acquired for sach of eight directivity

angles.
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Test Series L: Runs L1, L2, L3, L4, L5, LA6. Approach operations, flown
on a heading of 120 degrees magnetic, with the helicopter passing ovar
sites 4, 1, and 5 in succession. This series reflects ICAD certification
requirements, which call for a b degree approach path at a constant target

airspeed of 65 knots, (Vy, the speed for best rate of climb).

Test Series M: Runs M7, MB, M9. This series consisted of & dagree
approaches, virtually identiecal to series L except that a constant target

airspeed of 45 konots was used.

Test Series N: Runs N10O, N11, NI2, N13. This series consisted of &
degree approaches similiar to those in Series L and M, except that a

constant target afrspeed of 55 knots wasz used,

Test Series 0: Runs 014, 015, 0l6. This series consisted of 6 degree
approaches (as above) conducted at a constant target airspeed of 75

knots.

Test Series P: Runs P17, P18, P19, This series consisted of 6 degree
approaches (as above) conducted at a constant target airspeed of 85

knots,

Test Series K: Runs K20, K21, K22, K23, K24, K25. This test series
reflects ICAD certification takeoff test requirements. All takeoff
operations were flown in the 300 degree direction, passing first over site
5, then sites 1 and 4. The airspeed requirement stipulates a constant

velocity equal to Vy, which is 65 knots for the Bell-222.
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Test Series T: Runs T26, T27, T28, T29. This test series consisted of 172
degree approaches conducted at a constant targer airspeed of 45

knots,

Test Series U: Rune U30, U31, U32. This test serias consisted of 12
degree approaches conducted at a constant target airspeed of 55

kKnots.

Test Series V: Runs V33, V34, V35. This test series consisced of 12
degree approaches conducted at a constant target airspeed of 65

knots.

Test Series W: Runs W36, W37, W38, W39, Wi0. This test seriss consisted
of 12 degree approaches conducted at constant target -airspeed of 75

knots,
This first day of testing ended at 1:15 pm.

7.2 Test Log for June 15. The second day of testing, Wednesday, June L5y

began with the same conditions of haze and fog which delayed the previous
day's testing. After several false starts and a near cancellation, the
test got underway at 1:00 pm. The test event numerical Sequence was

!

started over with Number 1, rather than picking up with Number 41, the

last number of the first davy.

Test Series A: Runs Al, A2, A3, A, A5, A6. This series consisted of
level flyovers at a target altitude of 1000 feet (304.8 meters) above
ground level (AGL), at a target airspeed of 123 knots, 90 percent of Vne,
the never—exceed velocity. All level flyovers in this test were conducted

on a heading of 120 degrees.
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Test Series B: Runs B7, BB, B9, This series consisted of level flyovers
at a altirude of 500 feet AGL (152.4 meters) at a target airspeed of Vne,

137 knecs.

Test Series C: Runs C10, Cl1, Cl2, Cl3, Cl4, Cl15. This series consisted
of level flyovers at a target altitude of 500 feet AGL, at a target

airspeed of 123 knots, 90 percent of Vne.

Test Series D: HRuns D16, D17, DI8. This series consisted of level
flyovers at a target altitude of 500 AGL, at a target airspeed of 110

knots, 80 percent of Vne.

Test Series E: Run E19. Because of the limited time remaining due to
late start and increasing air traffic only one event in this series was
conducted. This event consisted of a single, level flyover at a target

alritude of 500 feer AGL, and a target airspeed of 96 knots,

Test Series (, R, and S: Runs Q20, Q21, R22, and S23. These three test
series were defined as experimental multi-segment approaches. Each event
was characterized by a different rate of descent, torque, and airspeed.

In some cases there was deceleration taking place during the event.
The second day of testing ended at 2:30 pam.

7.3 Test Log for June 16 - The third day of testing, Thursday, June 14,

began, as did the previous two days, hazy with visibility under three
miles. After considerable delay the test got under way at about 10:45

dm s

Test Series (: Runs Q24 through Q44. This series represents a
continuvation of the experimental multi-segment approaches (series Q, R,
and 5) conducted on the 15th, Section 8.0 includes a discussion of

variation in noise levels with approach operation parameters.
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Test Series G: Runs G41, G42, G43, Gh4. This test series was comprised
of level flyovers on a heading of 120 degrees at a target altitude of 700

feet ACL and a target airspeed of 137 knots.

Test Series H: This test series was comprised of level flyover in the 120
degree direction at a target altitude of 700 feet AGL and a target

airspeed of 123 knots.

Test Series I: Runs I48 and I49. This test series consisted of level
flyovers in the 120 degree direction at a target altitude of 700 feet ACL

and a target airspeed of 110 knots.

The third test day ended at 12:30 in the afrerncon.
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DOCUMENTARY ANALYSES

8.0 Documentary Analyses/Processing of Trajectory and Meteorological

Data - This section contains analvses which were performed to document

the flight path trajectory and upper air meteorological characteristics

(as a function of time) during the Bell 222 test PTOgTam.

8.1 Photo-Altitude Flight Path Irajectory Analyses - Data acquired from

the three centerline photo-altitude sites were processed on an Apple Ile
microcomputer using a VISICALO® {(manufacturer) electronic spread sheet
template developed by the authors for this specific application. The
scaled phote-altitudes for each event (from all three photo sites) were
entered as a single data set. The template operated on these data,
calculating the straight line slope in degrees between the helicopter
position over each pair of sites. In addition, a linear regression
anzlysis was performed in order to creat a straight line approximation to
the actual flight path. This regression line was then used to compute
estimated altirudes and CPA's (Closest Point of Approach) referenced to
each microphone location (Note: Photo sites were offset from micropheone
sites by 100 feet). The resules of rhis analysis are contained in the

tables of Appendix G.

Discussion - While the photo-altitude data do previde a reasonahle
description of the helicopter trajectory and provide the means to effect
distance corrections to a reference flight path (not implemented in this

report), there is the need to exercise caution in interpretation of the




data. The following excerpt makes an important point for those trying to
relate the descent profiles (in approach test series) to resulting
acoustical data.
In our experience, attempts by the pilot to fly down a very narrow
VAST beam produce a continucusly varying rate of descent. Thus while
the mean flight path is maintained within a reasonable degree of test
precision, the rate of descent (ipportant parameter connected with
blade/vortex interactions) at any instant in time may vary much morte
than during operational flying. (Ref. &)
Further, care is necessary when using the regression slope and the
regression estimated altitudes; one must be sure that the site-to-site
slopes are similiar (approximate constant angle) and that they are in
agreement with the regression slope. If rhese 3lopes are not in

agreement, then use photo altitude data along with the site-to-site slopes

in computacions.
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B.2 Upper Air (500-2000 ft) Meteorological Data - This section documents

the coarse variation in upper air meteorclogical parameters as a funcrion
of time for the June 14 test program. The timing delays eneountered in
conducting the measurement program on June 15 and June 16 led to
complications resulting in an absence of upper air data on those two

days.

The National Weather Service office in Sterling, Virginia provided
preliminary data processing resulting in the data tables shown in
Appendix H. Supplementary analyses were then underrtaken to develop tipe
histories of various parameters over the period of testing for selected
alrtitudes. Each time history was constructed using least square linear
regression techniques for the five available data points (one for each
launch). The plots attempt to represent the gross (macro) meteorclogical

trends over the test period.

Temperature - Figure 8.1 presents the time history analysis for
temperature. In this plot one can observe nearly constant temperatureé at
1000 and 2000 feet above ground level with a gradual warming trend at the
500 foot level. It is worth noting that a shallow (2-degree) temperature
inversion persisted between 500 and 1000 feet throughout the first four
hours of testing., This minor inversion is not considered a significant

influence on propagation.

Relative Humidity - In the case of relative humidity, shown in Figure 8.2,

one observes a fall off in humidity with 500 and 2000 feet with an
increase level at 1000 feet. It is significant to note that the variation
in humidity at 500 and 1000 feet over the duration of the testr falls

within the 45 to 55 percent range. This degree of stability in rthe
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temperature-relative humidity pair results in relatively stahle
atmospheric absorption characteristic throughout the test.. This in turn
suggests that atmeospheric absorption corrections required in FAR-36 or
ICAD Annex 16 (referred to as the Delta-l correction) would ctend to be of

similiar magnitude for events conducted at different times.

From the perspective of atmospheric absorption, it appears that conditions
within the air mass in the test vicinity were typical, relatively stable,
and displayed the variations one would expect with the daily summer burn

off of surface moisture and the dissipation of the inversion layer,

Wind Vector - The data shown in Figures 8.3 and 8.4 depict the along-track
and cross-track wind vector components showing variation as a function of
time for the three altitudes considered. 1In order to assess the head,
tail, and cross wind influences on a single event one must first establish
the direction of travel. This ecan be determined by examinacion of the
cockpit data contained in Appendix F. At 500 and 1000 foor altitudes one
observes maximum crosswind components (7 to 10 knots) around 7:00 to 8:00
am, with lesser values at ather tiﬁes. It is interesting to note the

shift in wind direction between 500 feet and higher alritudes.

Adgain, during the 7:00 to 8:00 am period, one observes the strongest
headwind/tailwind component rteaching approximately 10 knots at an altitude
of 500 feet. It is inceresting to note the very low on-track wind present

at altitudes above 500 feet.
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Discussion — In the context of a npise measurement/flight test one
attempts Lo avoid so-called anomalous meteorological conditions, (see ref.
3) a concept that is difficult to define. In the initial paragraphs of
this section, the topic of atmospheric absorption was addressed,

concluding with a statement about the apparent stability in wvalues.

Alchough the reasons behind the requirement to avoid “anomalous
conditions” arose from concerns involved wirh atmospheric absorption, one
might extend the requirement to include concerns for smooth flight, and
normal atritudinal operation of the helicopter. While extreme cross wind
components and/or strong shifts in wind in the vieinity of the test sire
might suggest the presence of buffeting or turbulance, it is primarily the
pilot's reported ease or difficulty in flying the helicopter which
identifies a potential problem., While the data do suggest the presence of
variation in wind speed and direction, they do not confote an extreme

condition which might lead to concern,

As a final note, the influence of wﬁnd en blade-vortex interactions (a
strong function) cannot be completely addressed using the data presented
in this section. Rather, it is necessary to acquire data wvirtually
concurrent with the flight operations and in very close proximicy to the
test helicopter. It is anticipated that future tests will employ rethered

balloon systems deploved in elose proximity to the test area.
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EXPLORATORY ANALYSES AND DISCUSSIONS

9.0 Exploratory Analyses and Discussion - This section is comprised of a

series of distinet and separate analyses of the data acquired with the
Bell 222 test helicopter. In each analysis section an introductory
discussion is provided describing pre-processing of data (beyond the basic
reduction previously described), followed by presentation of either a data
table or graph(s), or reference to appropriate appendices. Each section
concludes with a discussion of salient results and presentation of

conclusions.

The following list identifies the analyses which are contained in this

section.

9.1 Variation in noise levels with airspeed for level flyover
operations

9.2 Static data analysis: source directivity and hard vs, soft
propagation characteriscics

9.3 Comparison of noise data: 4-foor ve. ground microphones

9.4 Duration effect analysis

9.5 MAnalysis of variability in noise levels for two sites
equidistant over similar propagation paths

8.6 Variation in noise levels with alrspeed and rate of desecent for
approach operations

9.7 Variation in noise levels for multi-segment approachs

9.8 Analysis of ground-to-ground acoustical propagation for a
nominally soft propagation path

9.9 Acoustical propagation analysis/discussion of variability
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Y.l Variation in Noise Levels with Alrspeed for level Flyover

Operations - This section analyzes the variation in noise levels for
level flyover operations as a function of airspeed. Data acquired from
the centerline-center location (site 1) TSC recorder system have been
utilized in this analysis. All data are "as measured”, uncorrected for

the minor wvariations im altitude from event to event.

The data scatter plotted in Figures 9.1 through 9.4 represent individual
noise events for each acoustical metric. The line in each plot links the
average observation at each target airspeed. The line does not extend to

86 knots as only one data point was availables at that speed.

Discussion - The plots show the general trend that can be expected with an
increase in airspeed during level flyover operations. It has been
observed that as a helicopter increases its airspeed, two
acoustically-relared events také place. First, the noise evenr duration
is decreased as the helicopter passes more quickly. Second, the source
acoustical emission characteristics change. These changes reflect the
aerodynamic effects which accompany an increase in speed. At speeds
higher than the speed for minimum power, the power required increases with
an increase in airspeed. These influences lead to a
noise-intensity-versus—-airspeed relationship which can be approximated by
a parabolic curve. The steep upturn in noise level generally observed at
higher speeds is a consequence of advancing blade tip Mach number effecrs,

which result in impulsive noise.
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Figure 9.5 shows the parabolic nature of data collected for ome test
helicopter for & series of 500' level flyovers with a indicated airspeed

range of 30-150 kts, taken from an earlier series of tests.

In the case of the Bell 222, the nolse versus indicated airspeed plots
tend to reflect a linear approximation to a parabola, possible dues to
lower helical tip Mach nmumbers during its flight regime. It is thought
that the Bell 222 data reflect a situvation where the parabola has reached
its minimum wvalue and has started to turn up; however, the alrspeeds and
related advancing tip Mach numbers have not yet reached the region of
steep increases in noise with increased airspeed. Thus, one observes a

First order relationship between noise level and airspeed.
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9.2 Static Operations: Analysis of Source Directivity and Hard vs. Saoft

Path Propagation Characteristics - This analysis is comprised of two

principal components., First, the plots shown in Figures 9.6 through 9.9
depict the time averaged directivity patterns for various static
operations for measurement sites located equidistant from the hover point.
The second component involves the fact that one of the two sites lies
separated from the hover point by a hard asphalt surface, while the other
site is separated from the hover point by a soft grassy surface. The
difference in the propagation of sound over the two disparate surfaces is
reflected in the difference between the upper and lower curves in each

plot.

Time averaged (approximately 60 seconds) data are shown for acousrical
emission directivity angles (see Figure 6.1) established every 45 degrees
from the nose of the helicopter (zero degrees), in a clockwise fashion.
Data plotted in these figures can be found in Appendix D for microphones

5H and 2,

Discussion — The plots contained in-this analysis dramatically portray the
highly direcrive nature of the Bell 222 acoustical radiation pattern for
static operations. Further, this analysis reveals a spacially averaged
difference of 4 to b dB in sound levels for sites located 500 feet from a
helipad, with one site over a soft surface and the other over a hard
surface. Another significant observarion is the marked maximum observed
in the radiation pattern off the left side of the helicopter, This
increase in noise level is likely associated with the influence of the
tail rotor, located on the left side of the tail cone. In each case
discussed below, ohservations concerning noise lmpact and acceptability

are based on consideration of typical urban/community ambient neise
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levels and the levels of urban transportation noise sources. In general,
the inrerpretation of environmental impact regquires careful consideration

of the ambilent sound levels in the vicinity of the specific heliport under

consideration.

Discussion: Hover in Cround Effect (HIGE) - The HIGE data plot, Figure

9.6, shows the marked left side directivity pattern mentioned above. The
sound level values, in the lower to mid 70's for the hard path (at 500
feet), can in some situations present an environmentzl noise problem. = On
the other hand, the soft path values range in the mid 60's, values which
are less of a concern (for short durations) in an urban environment. The
point is that there exists a significant advantage in situating a heliport
in a location where noise sensitive areas are separated from the heliport

by an acoustically absorbent surface such as grass,

Discussion: Hover Out of Cround Effect (HOGE) - The comments made above

=8

G2

certainly apply as well in the case of HOGE, a transitional flight regime,
shown in Figure 9.7. The sound levels (AL}, in the viecinity of 80 dB, are

invariably of short duration, belng assoclated with ingress/egress

operations.
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Discussion: Flight Idle (FI) = The flight idle operations,shown in Figure
9.8, are of little potential environmental concern (at a distance of 500

feet) over a soft propagatien path, Again, the hard pach scenario ecguld

POSe minor concern in certain urban residentia] situations,

Discussion: Ground Idle (GI) -~ The ground idle operation, shown in Figure

9.9, (of limited duration) should cause very litrle environmental problem
at a distance of 500 feet in ap urban environment, especially over soft
Propagation paths. Part of ap effective "Fly Neighborly"” program is the
practice of reducing rotor RPM from FI conditions te GI conditions as
quickly as cooling requirements will allow. As implied above, the
well-designed heliporr will utilize the readily available noise benefit

associated with a grassy buffer area whenever possible,
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9.3 Comparison of Measured Sound levels: & Foor vs. Ground Microphones -

This analysis addresses the comparability of noise levels measured at
different heights above the ground surface. The topic is discussed in the
context of noise certification testing requirements., The analysis
involves examination of differences between noise levels acquired for
ground mounted and 4-ft mounted microphone systems. The objectives of
this analysis are as follows: 1) to observe the wvalue and variability of
emplrical ground/&4-ft microphone differences and identify the degree of
phase coherence, and 2) to examine the wvariation with operational

confisuration.

The data employed in this analysis are from microphone sice #1, using TSC
magnetic recordings. The mean differences between the ground and four
foot microphones are shown in Table 9.1 for seventeen different test

series.

In conducting this analysis, our initial assumption was that the
ground-mounted microphone experiences phase coherent pressure doubling (a
reasonable assumption at the frequencies of interest). At the 4—foot
microphone, one would expect to see a lower value, somehwere within the
range of 0 toe 3 dB, depending on the degree of random verses coherent
phase bertween incident and reflected sound waves. 1t 1s also possible to
experience phase cancellation between the two sound paths. I
cancellation occecurs at dominant frequencies, then one is likely te observe
noise levels at the 4-foot microphone more than 3 dB below the ground

microphone values,
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Discussion — It is argued that acquisition of data from ground-mounted
microphones provides a cleaner spectrum, cleser to the spectrum actually
emitted by the helicopter——that is, not influenced by a mixture of
constructive and destructive ground reflections. Theoretically, one would
be interested in correcting ground-based data to levels expected at 4 feet
or vice versa in order to maintain equally stringent regulatory policy.

In other words, to change a certification procedure with a limit of 90 4B
at a 4-fr. microphone to fit a ground-based microphone test, one
theoretically would have to increase the limit 3 dB to maintain equal

stringency.

Examination of the results in Table 9.1 show that, most differences do
fall between P and 3 dB, with some differences on the order of 4 ta 5 4B,
These results are consistent with theory and suggest that a value of &4 or
5 dB would be appropriate for use in a regulatory revision (as discussed
above). It is also interesting to note that the most pronounced
differences (greater than 3 dB) occur for test series N, the 55 kt,
6-degree approach operation. Looking ahead to section 9.8, one finds this

operation to be a2 highly impulsive flight regime for the Bell 222.
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HELICOFTER: BELL 222 TABLE 9.1

COMPARISON OF

GROUND AND 4 FT. (1.2 M) MICROPHMNE DATA

DELTA dB = (GND NIC.) minus (4 FT. NIC.)

TARBET

TEST SANPLE 145
SERIES DPERATIMN SIZE (KT8} SEL AL EPHL PHLTH
A 1000° LFO é 123 2.8 2.4 2.7 z
B 3007 LFD 3 137 3.2 3.3 3.1 3.4
C 300° LFO L 123 3.3 3.4 3.1 3.4
] 300" LFO 3 1o 3.4 3.5 3.2 3.7
K J00° LFD é 43 3.2 3.4 3.2 2.3
L 1CAD T/0 é 45 3.1 3.3 2.8 2.4
M & DEG APP 3 13 ) 3.3 4.9 3.4
N ¢ DEG APP 4 33 3.} 3.5 4.7 4,6
0 4 DEE AFP ) 75 4.7 4.3 4 4
F & DEB APP 3 ] 3.3 4.4 3 3.3
T 12 DEG APP 3 43 4.1 3.8 3.4 2.9
1] 12 DEG APP 3 44 2.7 2 2.3 1.4
v 12 DEG APP 3 83 3.4 3.2 3 2.8
W 12 DEG APP 4 73 3.3 3.1 2.4 2.4
WEIGHTED AVERAGE 3.5 3.3 3.2 3
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9.4 Analysis of Duration Effects - This analysis explores the

relationship between the helicopter noise event {(intensity) time~history,
the maximum intensity, and the total acoustical energy of the event. Qur

interests in this endeavor include rhe following:

1) It is often NEeCessary to estimate an acoustical merrie given only
part of the information required.

2) The time history duratiom is related to the ground speed and
altitude of a helicopter. Thus any data adjustments for different
altitudes and speeds will affect duration time and consequently the SEL
(energy metric). VFeeds to adjust data for these effects often arise in
environmental impact analysis around heliports, In addition, the need ro
implement data corrections in helicopter noise certification tests further

warrants the studvy of duration effeecrs,

Two different approaches have been utilized in analyzing the effect of
event l0-dB-down duration on the accumulated energy dose (Sound Exposure

Level).

Both techniques are empirical, each employing the same input data bur
using a different theoretical approach to describe duration

influences,

The fundamental question one may ask is "If we know the maximum d=-weighred
sound level and we know the 10-dB-down duration time, can we with
confidence estimate the acoustical energy dose, the Sound Exposure Level?”
A rephrasing of this question might be: If we know the SEL, the AL, and
the 10-dB-down duration time (DURATION), can we construct a universal

relationshiﬁ linking all three?
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soth attempts to establish relationships involve taking the difference
between the SEL and AL (delta), placing the delta on the left side of the
equation and solving as a function of duration. The form which this

function takes represents the differences in approach.

In the first case, one assumes that delta equals some constant K{DUR)

multiplied by the base 10 logarithm of DURATION, i.e.,

SEL - AL = K(DUR) X LOG(DURATION)

In the second case, we retain the 10 x LOG dependency, consistent with
theory, while achieving the equality through the shape factor, Q, which is
some value less than unity i,e., SEL-AL = 10 x LOG(Q X DURATION). In a
situation where the flyover nolse event time history was represented by a
step function or square wave shape, we would expect to see a value of Q
equaling precisely one. However, we know that the time history for
typical non-impulsive event is much closer in shape to an isoceles

triangle and consequently likely to have a ( much closer to 0.5

Through investigating the characteristics of the shape factor, that is,
the variation in Q with ground speed and distance (i.e., Duration) one may
be able to derive the expression for the aggregate acoustical radiation
pattern such as dipole (M/2), quadrupole (M/4), or monopole, This can be
determined by solving the relationship between  and the ratio (M/J),

where J is the value which determines the radiation pattern.

Another possible use of this analytical approach for the assessment of
duration effects 1s in correcting noise certification test data which were

acquired under conditions of nonstandard ground speed and/or distance.
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Discussion - Each of the noise template data tables lists both of the
duration related figpures of merit for each individual event (see

Appendix C). One immediate ohservation is the apparent insensitivity of
the metrics to changes in operation, and the relatively small variation in
the range of metric values, 0.4 to 0.6 in the case of Q, and 6.0 to 8.0 in
the case of K(A). Plots have baen provided in Figures 9.10, 9.11, and
9.12 which show the variation of both metrics with airspeed for several
different operational configurations for the microphone site 1 direct read
system. The lack of variation in the parameters suggests that a simple
and nearly constant dependency exists between SEL, AL, and log DURATION,
relatively unaffected by changes in airspeed, in turn suggesting a
consistent time history shape for the range of airspeeds evaluated in this
Cest. As SEL increases wirh airspeed, the increase appears to be related
Lo increase in Aly but mitigated in part by reduced duration time (and a

nearly constant K=7).

Another interesting question to ponder is whether or not other helicopter
models will have unique values for K and (} different from those for the
Bell 222. The implication is that ir may be appropriate to develop unique
constants for different helicopter models for use in implementing duracion

corrections,

As mentioned above, it is possible to establish an empirical aggregate
acoustical radiation pattern by examlning the relationship between Q and
the ratio M/J where J reflecrs the geometric nature of the radiatioen

pattern, The term empirical dggrepate is used inp acknowledging the

multi-component characteristics of acoustical radiation from rotating
airfoils. While the constant J may be of limited use in detailed,

first-prinecipal predictive acoustics, there may be uses 1in many
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semi-empirical engineering applications. As is evident, the wvalue of J
(J =M/Q) determined from this empirical analysis falls between

approximately & and B.
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8.5 Analysis of Variability in Noise levels for Two Sites Over Similiar

Propagation Paths - This analysis examines the differences in noise levels

observed for two sites each located 500 feat away from the hover point
over similar terrain, The cbjective of the analysis was to examine
variability in noise levels associated with ground-to-ground propagation
over nominally similar propagation paths. The key word in the last
sentence was nominally,...in fact the only difference in the prcpagation
paths is that microphone 1H is located in a slight depression, (elevation
is minus 2.5 feet relative to the hover point), while site 2 has an
elevation of plus 0.2 feet relative to the haver point. This is a net
difference of 2.7 feet over a distance of 500 feet. This configuration
serves rfo demonstrate the sensitivity of ground-to=ground sound

propagation on minor terrain wvariations,

Discussion - The results presented in Table 9.2, 9.3, and 9.4 show the
observed differences in time average noise levels for eight directivircy
angles and the spacial average. It is observed that a difference in noise
level occurs (on the order of 3 dB) for the low angle (ground-to-ground
propagation scenarios) while the higher angle operarion (HOGE - helicopter
30 feet above ground level) reveals a difference of only 1 dB. It may be
concluded that very minor variations in site elevation may lead to
differences in the measured noise levels for static operations. While
these differences are insignificant in a community noise impact analwsis,

they would be important in aircraft noise certification.

It is also appropriate to acknowledge possible variation in the acoustical
source characteristics. In this analysis, data from microphone site 2 are
compared with data recorded at site 1H approximately one minute later.
That is, the helicopter rotated 45 degrees every sixty seconds, ipn order

to project each directivity angle; there is a 45 degree separation
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between the two sites. In addition to source variation, it is also
possible that the helicoprer “aim," based on magnetic compass readings may
have been slightly different in each case, resulting in the projection of
different intensities and accounting for the observed differences. A
final irtem of consideration is the possibility of shadowing and
refraction, discussed in following sections, Regardless of what the
mechanisms are which create this variance, one can agree that staric
operations are prone to many phenoména and often display sound levels

highly variant in both direction and time.

TABLE 9.2

COMPARISON OF
NOISE VERSUS DIRECTIVITY AMGLES
FOR
TWl SOFT SURFACES
HELICOUTER: BELL 222

OPERATION:  HINER-IN-GROUND EFFECT

DIRECTIVITY ANBLES (DEGREES) Lav{340 DEGREE)

SITE 0 45 0 133 180 225 n 313 ENERGY  ARITH.

LEQ LED LED LED LED LEQ LER LED LER LEB

SOFT 1H 81,4 62.2 &2 4.7 42.4 83.3 él.B 44,2 42,9 2.8
SOFT 2 64,3 64.1 5.6 8.2 86.3 4.2 84,1 &9 66.2 83.9
DELTA dB -2.9 =li:¥ -4.4 =15 =37 et ] 2.3 -4.8 -3.3 =31

% DELTA dB = (SITE IH) minus (SITE 2)
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TABLE 9.3

COMRARISEN OF
NOISE VERSUS DIRECTIVITY ANGLES

FOR

TWd SOFT SURFACES

HELICOFTER:
DPERATIMM:  HOWER-OUT-OF-GROUND EFFECT
DIRECTIVITY ANCGLES (DEGREES) LaviZ40 DEGREE)
8ITE 1] 45 70 135 180 25 270 315 ENERGY  ARITH.
LED LED LEA LER LEQ LEG LED LER LED LE@
50FT 1M 73.4 78.4 73.B 77.4 7.4 76,4 7.4 7.9 77.2 74.8
SOFT 2 75.1 75.% 75.8 7.9 74.5 75.4 7.9 n T4 75.7
DELTA dB -1.7 2.5 =3 3 S 1.2 5.5 2.9 1.2 |
# DELTA dB = (SITE IH) mines {SITE 2)
TABLE 9.4
COHPARISIN OF
MOISE VERSUS DIRECTIVITY AMBLES
FOR
TWD SOFT SURFACES
HELICOPTER:
OPERATION:  FLIGHT IOLE
DIRECTIVITY AMGLES (DEGREES) Lawt340 DEGREE)
SITE ] 45 i 135 180 225 270 313 EMEREY ARITH.
LER LE@ LED LER LEE LED LEd LED LEG LEQ
SOFT 1M W a0.4 9.4 38.7 &2.4 58, 37 38 9.8 59.5
S0FT 2 41,2 43,1 41.% 43.2 ad 4.4 42,4 41.1 42.3 42,3
DELTA dB 3 =2.5 ' =4,3 -2 =3 =34 =3.1 =2.7 -1.8

# DELTA dB = (5ITE IH} minus (SITE 2)
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9.6 Variation in Noise Levels With Airspeed for 6 and 12 Degree Approach

Operations - This section contains an analysis of the variation in noise
level as airspeed varies for 6 and 12 degree approach angles. The
appropriate "As Measured” acoustical data contained in Appendix A, have
been plotted (uncorrected for the minor differences in altitude) in Figure
9.13 through 9.16. The objective in conducting this analysis is twofold:
first, to evaluate further the realm of "Fly Neighborly" operating
possibilities, and second, to consider whether or not it is reasonahble to
establish a range of approach operating conditions as allowable in 2 noise

certification test,

Discussion - In the approach operational mode impulsi?e (banging or
slapping) acoustical signatures are a resulr of the interacrion between
vortices (generated by the fundamental rotor blade action) colliding with
successive sweeps of the rotor blades. 2As reported in reference 5,
maximum interaction occurs at alrspeeds in the 50 te 70 knot range, for
rates—of-descent ranging from 200 to 400 feet per minute. When the rotor
blade enters the vortex region, it experiences local pressure fluctuations
and associated changes in blade loading. These perturbations and
resulting pressure gradients generate the characteristic impulsive

Eignature

The data plotted in Figure 9,13 through 9.16 demonstrate the
noise/airspeed/approach angle relationshlp for the Bell 227 helicopter.
Apparently, certain operational configurations create significancly more
noise than others. It is anticipated that each individual helicopter will
exhibit its own special characteristiecs, but generally will remain within

the range of parameters discussed above,
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9.7 Variation in Noise Levels for Multi-Segment Approaches - This section

presents a tabular summary of noise levels and operational parameters for
the various experimental multi-segment approach operations conducted

during the test program.

The data used in this analysis are from the centerline—center locatien
(Mie, 1), four-foot microphone, FAA direct read system (see Appendix C).
The analysis involved examination of A-weighted metrics only., In order to
provide a direct comparison of noise lavele for different operations, it
Was mecessary to normalize nolse data to a reference altitude, taken as
the mean altitude (250 feet) for the elghteen events examined, &
correction factor was also applied to the ten-dB down duration-time wvalues

ag a further step in the normalization PTOCESsS,

The following equations were used to compute distance normalized noise
levels, SEL (Sound Exposure Level) and Aly (Maximum A-weighted Noise

Level) respectively presented in Table 9.5.

EELQist = SELgp + Kg*Log(ALTt..
Norm (EIIREf )

ALM igp = ALMyn + Ka*LDE(ALTTEst
WOoTm Eef

where ALTp.f is the average altitude for test series 1, which is
approximately 250 feet. The propagation constants Kg and Ky have been
determined empirically in previous measurement programs to be in the range
of 13 to 20 and 20 to 2?,_respectively, for SEL and ALM. For this

analysis Kg and Ky were chosen to be 16 and 23,
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Normalizing the 10-dB-down time history for each event (for distance)
required & pre-analysis to determine the relationship that exists between
the 10-dB-down time history and altitude, for a given range of airspeeds,
A regression analysis was performed for constant speed approaches ar &°

and 12° appreach angles.

It was found that the 10-dBE-down time history (duration) can be related to
distance (altitude) for the test data examined by the following

equation:
T(10 dB) = Ky(Dist)

where K represents the slope of the regression line through the test

data .

This analysis was performed for a target indicated airspeed range of 40-80

kts and resulted in an average Ky = '0.30.

Having determined the proportionality constant, the T(10 dB) or 10-dB-down
time history of each event was normalized for distance by the following

equation,

. _ ! (ALT .
T(10 dE}Dist = T{10 dE‘AH - K?lﬁL_HEf = AL*TESEJ

Norm

Table 9.5 shows the results of test series Q having being normalized for
distance. The set of operating parameters are displayed to provide the
quietest approach by ranking the series by SEL and dBA, where a rank of |

corresponds to the quietest operating regime.
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Discussion — Table 9.5 presents a summary of noise level and operaticnal
data, rank ordered from quietest to loudest (based on the SEL metrie), It
is interesting to note that noise levels span a range of 5 dB, exhibiting

a significant potential for reducing environmental noise impact.

The interpretation of these data requires some caution, as the uperatiun;l
parameters are only coarsely defined (i.e., average descent angles, and
instantaneous photo-readings of the instrument panel). While a cruly
definitive test would require continuous monitoring of the helicopter
operational parameters, these results do provide a dramatic demonstration

of the potential benefit associated with "Fly Nelghborly"” operations.
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TABLE #.5

MULTI-SEGHENT APPRDACH

AHALYSTS
DIST.  DIST.

SEL DBA  NORM  NORM T(10-DB) IAS+ TORGUE¥  ANGLE  ANGLE

EVENT RANK §  RANKY  SEL  DBA  (SED)  Kea)  (TS) o) 51 44
03z ! I B3 82 1526 4.8 45 B 195 124
030 2 2 BB.6B BILOZ 1145 49 48 %5 1154
029 3 118931 828 %3 4 B0 0 82 49
62 4 7 895 8208 10.49 7.2 72 10 82
041 5 5 B9.5 G153 1302 7.3 80 0 19.8 7.9
03! § 4 BR.7L BlL4B 1503 7.2 45 0 o2ErE A
035 7 6 90.17 81,93 1251 7.5 70 i T
627 B 12 90.23 Bl 1094 4.9 40 (T L B
033 9 390,28 8L.27  13.49 8.1 It 5 14 54
040 10 B 90.39 8217 1447 7.1 4 10 19.4 12
038 1 13 %060 8Ll 106 7.3 70 D 128 8.7
B34 12 10 %0.64 82.43 1308 7.5 4 0 122 &7
034 13 ?O50.78 8231 1343 7.6 40 5 17.8 §
039 14 4 9104 336 1.2 7.3 55 0 144 5.9
028 15 15 9185 8427 1.5 7. 58 0 173 10.9
037 16 16 .04 845 1.6 7.3 5 15 1864 7.2
025 17 17 92.41 8575 1007 4. 79 7% B 4a
B24 18 18 9307 8529 1148 7.2 4 TRl e

#THESE VALUES ARE INSTANTANEOUS VALUES TAKEN FRON COCKPIT PHOTOS (SEE APPENDIX F),



Y.B Analysis of Ground-to-Ground Acoustical Propagation for a Nominally

Soft Propagation Path - This analysis involves the empirical derivation of

propagation constants for a nominally level, "soft" path, a ground surface
composed of mixed grasses. As discussed in previous analyses, the several
physical phenomena involved in the diminution of sound over distance makes
it necessary to draw upon all pertinent theory to explain the various

results obtained.

A-weighted Leq data for the four static operational modes HIGE, HOGE,
Flight Idle, and Ground Idle have been analyzed in each case for eight
different directivity angles. Data from sites ? and 4H have been used to

calculate the propagation comstants (K) as follows:

K = (Leq(site) - Leq(site 4))/Log (2/1)
where the Log (2/1) factor represents the doubling of distance
dependency (Site 2 is 492 feet and site 4H is 984 feet from the hover

polintc).

For each mode of operation, the average (over various directivity angles)

propagation constant has also been computed.

The data used in this analysis (derived from Appendix D) are displayed in

Table 9.6 and the results are summarized in Table 9.7.

At first glance the results may appear somewhat distressing and
inconsistent. However, upon consideration of the change in spectral
content between different operational scenarios, one may approach a degres
of understanding. The following paragraphs attempt to intercpret the

trends we observe.
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Discussion -
ooy L s

HBIGE - In the case of HIGE, one observes the aggregate influence of
spreading loss, along with the lumped effects of “ground-to-ground
attenuation.” The potential exists for refraction effects as well, which
might result in shadowing or focusing of sound, In the case of HIGE,
there appears to be a high rate of attenuation which reflects a grouping

of these effects,

HOGE - In the case of HOGE, several changes take place. First, the
helicopter is at an altitude of approximately 30 feet above ground level,
resulting in less tendency for excess ground attenuation. Secondly, the
frequency spectra shift toward a greater dominance of low frequency
components. It 1s seen that the rate of attenuation, described bv the
propagation constant, is much less than in the case of HIGE operations in

a8 ground-to-ground propagation mode.

Flight Idle - In the case of the flight idle operation, one observes a
rate of attenuation somewhat higher than in the case of ground idle. Ic
can be speculated that as the frequency content becomes richer in low
frequency components the effects of refraction are diminished. The
average XK, 22.3 for this operation, falls in the range one might expect
for the presence of spherical spreading and atmospheric absorption.
Again, it remains a matter of speculation to decide what particular

effects are dominant in this scenario.

The mercurial nature of ground-te—ground propagation of helicopter noise

is very evident from examination of the results presented and discussed
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above. The primary information value of these results can perhaps be

summarized as follows:

1. The rate of diminution in sound will vary with operational mode.
2. The influence of temperature inversions, typically encountered
early on summer mornings, is significant on surface propagation

of sound (giving rise to strong refraction effects).

An axiom to this observation is the need to avoid early morning
noise assessment/flight testing of helicopters in the static
operational modes.

3. While the issue of selecting a representative ground-to-ground
attenuation value to use in conducting envirommental noise impact
analyses remains unresolved, considerable research in this area

continues,
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TABLE 9.6

DATA UTILIZED IN COMPUTING BMPIRICAL
PROPAGATION CONSTANTS (K)

BELL 222
é-14-B3

SITE 4H--HIVER DATA

HIGE HOGE FLT. IDLE
¥-0 71.1 =0 73.8 1-0A
Y-315 72, 2-315 74.3 =31
Y-270 71.3 2-270 1.1 X=2704
¥-225 73.7 i-225 73.4 X=-2254
Y-180 71.8 2-180 73.3 A-1804
¥-133 72.3 1-133 73.7 X-13%
Y-70 1.8 -0 73.8 X-504
Y=43 70 i-45 72.8 =45
BELL 222

é-14-83

SITE 2--HVER DATA

WIGE HOGE FLT. IDLE
Y- 1.7 -0 74 X-0A
¥-313 Bé.3 £-315 78 X-3194
Y=270 B2.8 =270 71.4 A-180#
Y-223 Bl 1-723 75.7 X-13%
Y-180 B4.2 Z-180 76.7 X-904
1-135 B4.8 1-133 77.9 X-43
¥-90A 85.4 -9 .7

T-45 B3 2-45 74.3
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5.3
47.9
68.2
68.4
70.8
é%.1
48.5
69.3

61.5
8l.d
62.4

dd
62,4
63.4

GHD. IDLE

A-0B
A-2708
X-1808
X-50B

GO, TDLE

x-0B
X-2708
A-180B
A-50B

39,5
Med
95
38.5

0.9
92,3
J0.8
3.9



TABLE 9.7

EMPTRICAL PROPAGATION CONSTANTS (K)

K K K K
Emission
Angle HIGE HOGE FLT IDLE GND IDLE
o® 35.3 7.3 26.0 15.3
315° 47.0 12.3 22.7
270% 38.3 1.7 10.7
225° e T 7.7
180° 41.3 4.7 28.0 14.3
135" 41.7 T3 1?;0
g0° 45.3 7.0 20,3 15,3
45° 43,3 I B 19.7
AVERAGE 41.2 9.l 22.3 13.9
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9.9 Acoustical Propagation Analysis/Discussion of Variability - The

approach and takeoff operations provided the opportunity to assess
eapiricallv the influences of spherical spreading and atmospheric
absorption. Through utilization of both noise and position data at each
of the three flight track centerline locations (microphones 5, 1, and 4),

it was possible to determine air-to-ground propagation constants.

The propagation constants (one would expect) would reflect the aggregate
influences of spherical spreading and atmospheric absorption, It is
assumed that the acoustical source characteristics remain constant as the
helicopter passes over the measurement array. In the case of a 60-knor
approach or takeoff, a helicopter would require approximately 10 seconds

to travel the distance between measurements sites & and 5,

In both the case of the single event intensity metric, AL, and the single
event energy metric, SEL, the difference between SEL and AL is determined
for each pair of centerline sites. The delta in each case is then equated
with the base ten logarithm of the respective altitude ratio multiplied by
the propagation constant (either KP(AL) or KP(SEL), the values ro be

determined.

Discussion - The results of this analysis, shown in Table 9.8, are
consistent only in their inconsistency, that is to 5a¥ ...the values cne
observes for KP(AL) vary over a range which clearly demonstrates that the

inirial assumption of the analysis is invalid.

While this analysis fails to provide insight into nominal propagation
characteristics of the atmosphere, it does pucceed in identifying anm
interesting phenomenon: the time variant nature of helicnp:er noise for a
numiuallf-steady flight configuration. In order to examine this apparent
anomaly, level flyover data have been examined for the thrae centerline
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microphone locatioms. (See Table 9.9) The standard deviation (ALy) has
been cemputed for individual events across the three centerline sites,
The average standard deviation has been determined for each test

series.

It can be seen that the site-to-site variation in noise levels for the
level flyover mode of operation 1s very small, averaging less than 0.5 dB.
At this point it appears that the variation observed in the approach
operational mode may be characteristic of that mode of flight. 1In order
to assess further this possibility, an analysis was undertaken to
determine propagation constants for approach data acquired in a 1980 FAA
test (Ref. 7). This analysis, shown in Table 9.10, again reveals wide
variation in computed propagation constants for the approach operation.

It can be concluded that the extreme sensitivity of the approach operation
to micro-metecrological effects and pilet technique makes it difficulc to
assume “constant source characteristics" (necessary for the highly
sensitive propagation analysis) for an entire data run. However, from the
standpoint of noise certificatinn} which requires a sample of six events,

the observed variation in noise levels (typically less than 1.5 dB) is not

consildered excessive.
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TABLE 9.8
PROPAGATION CONSTANT ANALYSIS

6 Degree Approach/Target IAS = 65 kts

EVENT HNO. K (ALy)
L1 14.8
L2 11.6
L3 12.7
L4 17.1
L5 12.8
L& 10.6

Avg = 13.3

= 2.3

6 Degree Approach/Target IAS = 45 kts

EVENT NO. K (ALy)
M7 -26.4
M8 25.2
M9 -3.8
Avg = =147
O = 25.87

6 Degree Approach/Target TAS = 55 krs

EVENT HO. K fﬁLH]
H10 30.6
N1l 21.3
N1Z Bal
N13 10,2
Avg = 17,1
g = 11.08

6 Degree Approach/Target IAS = 75 krs

EVENT HNO. K (ALy)
014 13.0
015 6.5
016 15,7
Avg = 11.7
0 =4.73
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12 Degree Approach/Target IAS = 45 kts

EVENT No. K (ALy)
T27 2505
T28 25.2
129 15.5
aveg = 22,1
O= 5,69

12 Degree Approach/Target IAS = 53 kts

EVENT NO. K (ALy)
U30 28
U3l 14,2
U3z 22.6
Ave = 21.8
‘T = 6.95

12 Degree Approach/Target IAS = 65 kts

EVENT NO. K (ALy)
V33 18.9
V34 17.5
V35 18.3
Avg = 18,2
O= .70

12 Degree Approach/Target IAS = 75 krs

EVENT KO. K (ALy)
W36 20,2
W37 17.6
W38 20
Wig Ra
W4l 19,9
Avg = 184
O=1.22
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EVENT
NO.

B7
B8
B9

C10
Cl1
Clz
cl3
Cld
Cls

bl6
niy
D18

BCEREERE

TABLE 9.9

SITE-TO-SITE VARTIATION IN LEVEL FLYOVER NOISE LEVELS

Lan

1504
EAST MIC

79.3
8l.9
Bl.4

80.1
79.2
79.6
Bl.4
79.7
79.0

72,2
71.1
Flal
70.7
7241
73.2

500 FT IAS = 137 kts

Lam
CENTERLINE
CENTER MIC

Lam
150M
WEST MIC

500 FT IAS = 123 kts

79.8
79.7
79.9
gl.2
79.6
79.0

80.2
78.9
79.9
80.8
79.4
78,6

500 FT IAS = 110 kts

1000!

72.7
70.8
1.5
71.4
71.0
72.0

78.1
77.6
175

FT IAS = 123 kt

71.7
70.5
T1.0
70.0
70,0
72.7
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3 MIC

AVG

BD.O
79.3
79.8
81.1
79.6
78.9

7242
70.8
71.2
70.7
71.0
72.8

3 MIC
STD DEY

=17
«35
« 06

AVG = 0.26

«21
40
=17
'31-
«15
223

AVG

W46
- 533
+61

= (.25

AVG = (.53

50
<30
« 26
«70
1.05
.32

AVG =

- 32



TABLE 9.10

PROPAGATION CONSTANT ANALYSIS FOR APPROACH OPERATION

(DATA FROM REFERENCE 5)

UHA0A Site 2-3

EVENT HO. K
16 9.2
17 8.3
13 23.3
19 23.3
20 30.0
21 30.8
22 23.3
23 26.7
24 Z25:0

AVG = 22.2

= 8.1

S76 100%Z Main Rotor RPM
34 38.3
36 54.2
40 25.0
42 33.3
44 HA No Tracking Data

54 32.5
56 40.0

AVG = 37.2

= 9.8

A-109

24 36
26 14,2
28 39.2
32 38.3
34 35.0
36 17.5
38 25,8
40 0.8

AVG = 30.9

= 10.4
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APPENDIX A

Magnetlie Recording Acoustical Dats and Duration Factors
for Flight Operations on Jume 14 and 15

This appendix contains magnetic recording acoustical data acquired during
flight operations on June 14, and 15, 1983. A detailed discussion is
provided in section which describes the data reduction and processing
procedures. Helpful cross reference include, measuvurement location layout,
Figure 3.3; measurement equipment schematic, Figure 5.4; and measurement
deployment plan, Figure 5.7. The magnetic recording data for June 16 are
contained in Appendix B. Tables A.a and A.b which follow bzlow provide
the reader with a guide to the structure of the appendix and the
definirion of terms used herein.

TABLE A.a

The key to the table numbering system is as follows:

Table Nao. A, I-1. 1

Appendix No.

Helicopter No. & Microphone Location

Page NRo. of Group

Table No. A.5-X.Y¥, where the number 5 represente the Bell 222 helicopter.

Microphone No. 1 centerline-center

1G  cencterline-center(flush)

2 sideline 492 feet (150m) south
3 sldeline 492 feer (150m) north
4 centerline 492 feet (150m) west
3

centerline feer (188m) east



TABLE A.b

Definitions

A brief synopsis of Appendix A data column headings is presented.

EV

SEL

Alm
SEL-ALm

K{A)

EPNL
PNLm
PNLTm

K({P)

OASPLm

DUR(A)

DUR(E)

TC

Event Number

Sound Exposure Level, the total sound ENergy measured
within the period determined by the 10 dB down duration
of the A-weighted time history. Reference duration,
l-second.

A-weighted Sound Level (maximum)

Duration Correction Factor

A-weiphted duration constant whera:

K(4) = (SEL-ALm) =+ (Log DUR(A))

Time History Shape Factor, where:

g = EIDG.IKSEL-ﬁLmJ + (DUR(A))

Effective Perceived Noise Level

Perceived Noise Level(maximum)

Tone Corrected Perceived Noiza Level {maximum)

Constant used to obtain the Duration Correction for
EPNL, where:

K{P) = (EPNL-PNLTm + 10) < {Lug DURCP))
Overall Sound Pressure Level{maximum)

The 10 dB down Duration Time for the A-weighted time
history

The 10 dB down Duration Time for rhe PHRLT time history

Tone Correction calculated at PNLTm

Each set of data iz headed by the zite number, microphone location and

test date.
subset.

The target reference condtions are specified above each data
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TRELE MNO. A.5-1.5
BELL 222 HELICOPTER
SUMMARY WOISE LEVEL DATA
A5 MEASURED #
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EV SEL  Ale SEL-Mm Kip) B EFNL  FHls  PHLT

—_— e T —

1000 FT. FLYOVER -- TARGET 1S {23KTS.

Al 83,0 727 10.3 7.4 0.5 B6.7 B4.2 87.2
A2 81.7 70.8 10.9 7.8 0.5 85.7 4.2 85.3
LY 8l.B 7M.5 103 7.6 0.5 85.7 B8ALY 85,9
A Bl.S 714 101 7.4 0.4 Bu.2 848 B5.9
A 8. 7.0 0.6 7.4 0.4 BS.4 846 855
Ad B2.6 72.6 100 7.3 0.4 = B B&.S
Avo. 8.0 717 10.4 7.5 0.5 B5.8  B85.1 86.1
Stdbv 0.6 0.8 0.3 0.2 0.0 0.7 0.8 0.7
MWICT 0.5 0.7 0.3 0.2 0.0 0.6 0.6 0.6
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* - HOISE IMDEXES CALCULATED USING MEASURED DATA UNCORRECTED

K{F}

1--..l.:-..:«ln.;--a..'l
Ok

O =l
T
FIpa b3

8.0
6.0
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4.7

6.7
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JUNE 15,1983

DOT/TSC
8/24/83

OASPLw DURCA) DURiP)

———— e

oF 2BaRSE

100.1
100.1

9.1
9.1

78.8
98.8

FOR TEMPERATURE HUNIDITY,OR AIRCRAFT DEVIATION FROM REF FLIGHT TRACK
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TABLE NO. A.5-16.1

BELL 222 HELICOPTER DOT/TSC
B/19/83
SUMNARY NOISE LEVEL DATA
AS HEASURED *
SITE: 1B CENTERLINE-CENTER (FLUSH) JUNE 14,1981

EW SEL  Alm SEL-Alw KM D EFHL  PNLx  PNLTs K(P)  OASPLa DURLA) DUR{PY T

17 DEGREE APPROACH -- TARGET 1AS 45KTS.
2

127 9.8 893 7.8 0.5  100.6 1019 102.6 7.5 100.0 10.5 55
T8 947 887 B0 43 0.3 10001 1013 101.% 4. .0 AR5 190 6
T29 %66 BB.S B 83 0.3 1001 101.2 101.8 4.5 7190 9.0 0.8
fvg. 947 BB.E 7.9 &7 0.4 100.3 101.4 102.1 4.8 W ML IES 07
StdDv 0.1 0.4 0.3 06 01 0.3 0.4 0.4 0.6 0.6 4,8 4.3 0.2
b R 6.7 03 10 0.2 .5 0.7 0.8 1.0 1.0 8406 7.3 G
12 DEGREE APPROACH -- TARGET 145 S5KTS.

U3 913 B8L3I %1 73 0.5 v6.1 19,5 Sn3 T2 9 7.5 4 0.9
31 i) 831 9. o 9.8 |9 WA 23 6.4 190 190 12
B2 eeeeeeees ND DATA e

Avg. 2.1 B2.7 %4 7.5 0.5 0 |98 M 7o 96.2 18,2 1B.0 1.9
st v 1.2 0.6 0.5 0.3 0.0 bl gk Asl les 0.3 1.1 14 0.2
PICE 5.2 2.7 2.9 L3 04 s:1 48 33 6% L3 ALY 83 09
12 DEGREE APPROACH -- TARGET 1AS &SKTS. 1AS

V3 813 832 Bt 2.3 0.5 5.3 981 991 74 97.9 12.0 1.5 1.0
Vi 912 810 B2 6.9 0.4 96.00 97.1 97.9 7.4 97.9 155 145 10
VIZ 2.8 B4R 8.0 7.1 A5 T ANE 98 90 % 135 13 0.
fvg. 9.8 BlL7 8. Y DS 9.7 98.1 {15 A | o3 137 127 0.9
StdDv 0.9 1.0 0.1 0.3 0.t g3 14 L 1.1 B i2zp g
MWLl 16 17 62 0.5 0.1 Fo | 18 5 9 1.8 30 3.4 0.
12 DEGREE APPROACH -- TARGET 1AS 75¥75.

Wl 911 824 87 7.5 0.8 995 964 91,2 7.3 Lo M5 1LS 0.8
W3} 8L 83 79 &% 0.4 26.2 98,7 991 4B .3 M 1A 09
WiIB 913 835 7.7 7.0 0.5 99.9 9R.1  99.2 b5 TR.2. IR LG 13
W40 90.9 BLI B4 7.3 0.5 99.2 9.3 9.9 7.0 T S 15 63
Avg, 91,0 830 8.2 7.2 0.5 .7 9.1 %R 4.9 .8 LY 12,7 0%
Std v 0.3 0.7 0.4 0.3 0.0 0.5 1.0 12 .4 0.3 0.y 1.8 0.7
MWIC 0.3 0.8 0.5 0.3 0.0 0.5 1.2 {4 44 g4 1.3 < ] B

* - NOISE INDEXES CALCULATED USING HEASURED DATA UNCORRECTED
FOR TERPERATURE HUNIDITY,0R AIRCRAFT DEVIATION FROM REF FLIGHT TRACK




TABLE ND. A.5-16.27
BELL 222 HEL!ICOPTER
SUMNARY NOISE LEVEL DATA

SITE: 16

EV SEL  Alm SEL-Ats Ki(B) @

6 DEGREE APPROACH -- TARGET [AS 45475,

W7 95.1 B4 BT 6B .4
MB .5 BLE 5.9 7.7 0.5
He? TA.E B4B 100 68 0.3
hug. 3.8 843 9.5 7.1 0.4
Sdby 1.2 23 07 05 o
EcCl 32 1.y e L 1 7

6 DEGREE APPRDACH — TARBET 1AS 55KTS,

HIO  98.3 %0.5 7.8 6.6 0,4
NIl 97,5 89.3 8.2 4.8 0.4
MiZ 985 %6 69 A1 0.4
N3 e e NO DaTA

Hv%. 98.1 905 7.7 4.5 0.4
std Dy 0.0 1.1 07 0.3 0.0
0201 0.9 1.9 Lt 0.5 0.0

& DEGREE APPROARCH -- TARGET 185 75KTS.

04 e ND DATA
015 97,3 89.0 8.3 B 0.4
L HD DATA

Avg, 973 B89.0 B3 B0 0.8
std v - - = z
wrer - = = ;

& DEGREE APPROACH -- TARGET 1S BSKTS.

P17 941 B86.9 7.4 6.7 0.4
PIB. 9.5 82,2 7.2 4B 05
P19 95.2 B9.1 &1 &4 0.5
fvo. 946 B7.7 4.8 6.6 0.5
StdDv 0.6 1.2 0.6 0.2 0.0
EECL 10 2.0 L1 04 0.0

A3 HEASURED #

EPHL  PNLx  PHLTE K(P)

- I []

=

=3 )

:ngu:l
iy teim

=]

=~

I w

n

e
!

102.9 1037
101.5 102.8
105.0 104,58

1024
0.8
1.4

L

Som mao
: . .
ed 0

= ]
(a0 ol . |

CENTERLINE-CENTER (FLUSH)

100.4
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i
ol oep

04,3
103.4
104.%

ot =
=
Ll oy 3

103.4

103.1

100.9
100.3
101.3

100.8

0.8

¥ - NOISE INDEXES CALCULATED USING MEASURED DATA UNCDRRECTED
FOR TENPERATURE,HUMIDITY,OR ATRCRAFT DEVIATION FROM REF FLIGHT TRACH
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1€

0OT/TSE
Br22/83

DASPLe DURCA) DURI™

JUNE 14,1983

PNLTH KIP)

—-————

PHLw

A.5-16.3

EPHL

AS MEASURED ¥

BELL 222 HELICOPTER
SUMMARY MOISE LEVEL DATA

THELE MO,

g

CENTERLTRE-CENTER (FLUSH)

Kig)

16

SITE:

Ale  SEL-Alm

SEL

& DEGREE APPROACH -- TARGET 1AS 45KTS. (ICAD)

EV

SWuwIieel ety FA il ae e 0y
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FOR TEKPERATURE HUNIDITY,DR AIRCRAFT DEVIATION FRON REF FLIGHT TRACK

® - NOISE INDEXES CALCULATED USING MEASURED DATA UNCORRECTED



#.5-16.4

TABLE WD,

DOT/TSC
8/22/83

BELL 222 HELICOPTER

SUNMARY NDISE LEVEL DATA

A5 HEASURED +

JUNE 15,1983

CENTERLINE-CENTER (FLUSH)

16

SITE:

iC

DASPLe DUR(H) DURIR)

PNLTs KIP}

EFHL  PMLm

Al SEL-Ale  K{a} a

SEE

EW

FLYOVER -- TARGET 1AS 137KTS.

S0 FT,

O .
e

e
— e

B gy =
- -

00 FT. FLYOVER -- TARGET 1AS 123KTS,

- - . -
i P}

uuuuuu

||||||

S U oy O

= o B o U
ot a1

"3 [ 2]
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- i
3 Y oy W e D
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e e e
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P e
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SR
_.._.unr._._ﬂ-r

o S

P
& -
% N gy
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or- B e,
- & -

300 FT. FLYDVER -- TARGET 1A% 110KTS.

0 FT. FLYDVER — TARBET 1AS 9£KTS,

NO DATA  —-—eemee

Rvg.
Sto Ov
90X CI

FOR TEMPERATURE HUMIDITY,Ok AIRCRAFT DEVIATION FRON REF FLIGHT TRACHK

* - NOISE INDEXES CALCULATED USING MEASURED DATA UHCDRRECTED



STTE: 16

EV SEL Al SEL-ALw (@)

TABLE HO, A.5-1B.5
BELL 222 HELITOPTER
SUMMARY NDISE LEVEL DATA
A5 MERSURED 2

CEMTERL INE-CENTER (FLUSH) JUHE 15,1981

o EPHL  PNLm  PHLTn X(P)  DASPLw DUR(A) DURIP)

1000 FT. FLYOVER -~ TARGET IAS 1I3KTS.

Al B3.4 A5 10,8
A2 B4.5 714 11,2
A3 84.8 74,0 10.B
B4 8.0 7% 10,1
% B4.5  Ti.5 . 10.9
b B 749 10.5
Awg. B4.B 744 10.7
Std Dv 0.5 0.4 0.4
goECl 0.8 05 0.3

APPROACH -- MULTI-SEG, 1

B 915 BAA 5.
g21 .8 893 5.4
Avg,. 93,1 BL.8 5.3
Bl w23 21 0.2
FOXEI 10.3 9.3 1.0

APPROACH -- MULT1-SEG, 2
RIZ 940 B7.L 6.4
ﬁvg. 94.0 Bi.6 b4
Std Dv - =

wIcE - = =

APPROACH -- MULTI-SEG. 3
523 99.3 9.7 .
fvg.  99.3 917 6.

Ed bv -
WICr - = -

bt = e RO W R I o L]
. . Pl M e
LA e OO

Fap g

=

O en O g O
@t

b.b
8.6

bt
bt

0.3 B9.1 B8.1 8B 7.7 B3 2ES
0.5 BE.2 B&.7T 974 7.7 g8.8 250
0.5 88.3 B2.0 87.7 7.8 g9.1  28.5
0.4 Br.E 87,1 B7.B 7.4 B8.4 23.5
0.4 82.1 872.1 8.7 2.3 BR., D27.5
0.5 9.2 BB €94 7.3 §0.7 245
0.5 BE.D 874 BBl 2.5 B7.3  24.4
0.0 0.8 0.7 0.8 0.2 0.8 1.
0.0 i s 0 0.2 5 S .
0.5 76.1 100.% 1013 5.8 1011 &5
0.4 9.7 135 1044 5.9 1035 8.0
0.5 9.9 102.0 102, 59 023 L2
0.0 GG | 2L LT B .7 14
0.2 1.6 | Fub Wb 9.3 7.5 4.7
0.5 ¥7.4 1024 1030 6% 101 9.5
0.5 9.4 1024 1030 4.9 1015 9.5
0.5 1033 105.4 1044 6.6 1034 10.0
0.3

103.3 105,54 106.4 4.6 103.4 1000

¥ - HOISE INDEXES CALCULATED USING MEASURED DATA UNCORRECTED
FOR TEMPERATURE HUMIDITY,0R AIRCRAFT DEVIATION FROM REF FLIGHT TRACK
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1C

DAT/TSC
B/1B/83

OASPLw DURCA) DURLP)

JUNE 14,1983

"NLTa K{P)

f.9=2.1
= 150 H. SOUTH
BlEa

AS MEASURED #
EPNL

TABLE MO,
BELL 222 HELICOPTER
SUMMARY NOISE LEVEL DATA
STDELINE
o

2
SEL-Als (&)

SITE:
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FOR TEMPERATURE,HUNIDITY,OR AIRCRAFT DEVIATION FROM REF FLIGHT TRACK

* - HDISE INDEXES CALCULATED USING MEASURED DATA UNCORRECTED



1C

DOT/TEC
8/18/83

DRSPLe DURTA) DURLP)

JUNE 14,1903

K(P)

PHLTw

FHLm

f.3-2.2
- 150 K. SOUTH

EFNL

AS MEASURED

TARLE MO,
BELL 222 HELICOPTER
GUNMARY NOISE LEVEL DATA
SIDELIRE

o

HTE: 2
ALs SEL-Ale K(a)

BEL

& DEGREE APPROACH -- TARGET 145 45KTS,
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HUMIDITY DR AIRCRAFT DEVIATION FROM REF FLIGHT TRACK

- WDISE TWOEXES CALCULATED USING M
FOR TEMPERATUR




TAELE ND. A.5-2.3
SELL 222 HELICOPTER
SUNHARY NOISE LEVEL DATA
AS MEASURED =

SITE: 2 SIDELINE -

EV SEL  Ala SEL-Als ¥(&) @ EFNL

& DEGREE APPROACH -- TARGET 145 4SKTS. (ICAD)

L 0.0 80.0 10.0 7.5 0.5 94,2
L2 887 788 9.9 7.4 0.5 932
L3 877 80.1 7.6 &3 04 923
L4 890 799 9.0 7.3 0.5 933
L5 BB 784 9.8 74 04 9.8
La: 887 W0 %7 78 05 e
Avg, BB.7 794 9.4 7.3 0.4 930
Std Dv 0.8 0.7 0.9 0.5 0.1 0.7
WACT 0.6 0.6 0.8 0.4 0.0 0.4
TAKEOFF -- TARGET 145 45KTS. (I1CAD)

K20 832 M7 1.5 75 0.4 883
K21 Bl 730 1.1 7.2 0.4 g8
W22 8RS 7207 10.3 L3 04 BYS
K23 8.7 724 103 7.3 0.4 8.9
K24 824 .Y 10.5 706 05 BT
W5 L TS W A3 ua 8
Ava. B 72.3 10,3 7.4 0.4 @78
Std Dy 0.6 0.6 0.2 0.1 0.0 0.4
2%CH 0.5 0.5 0.1 0.1 0.0 0.3

150 K. SOUTH

FiLe  PHLTH KI(P)

i 2 o< Th L %
9.3 933 7%
$2.7 9.6 7.
9.6 95 7.
72,3 938 7.4
T8 E 7
i ) MU
0.7 0.7 0.3
0.6 05 0,7
86.2 BB.Y 4.9
B5.4 88.8 4.7
Bo.4 8RB 7.0
86.3 BY.1 4.8
8.y BRI 7.1
85.1 87.8 7.0
B5.9 B88.5 4.9
. LE 0.t
0.4 0.4 0.1

* - NOISE IMDEXES CALCULATED USING MEASURED DATA UNCORRECTED
FOR TEMPERATURE HUMIDITY DR AIRCRAFT DEVIATION FRON REF FLIGHT TRACK

JUNE 14,1983

DASPLw DUR(A) DUR(P)

_————— emEm——— m———

93.9 2.5
2.9 20.5
3.1 185
¥i.8 17.5
92.1 2300
¥i.5 1%.0
3.3 195

0.3 L2
%4 1.8
BS.7 255
BA.Z 25.0
Bi.4 255
8.7 24,0
84,9 245
Bd.6 25.5
BS54 5.7

1 S
0.5 0.4

DOT/TSC
B/17/83
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TABLE ND. A.5-2.4
BELL 222 HELICOPTER DOT/TSC
B/17/83
SUMMARY NOISE LEVEL DATA
A% MEASURED #

SITE: 2 SIDELIHE - 150 M. SOUTH JUNE 15,1983

Ev SEL  Als SEL-Als K(A) @ EFNL  PHLe  FNLTe KIP)  DASPLe DURCA) DUR(P) TC

- e —-— ——— ——— E— s

900 FT. FLYDVER -- TARGET [AS 137KTS,

B7 7.2 78.% B4 1.1 0.5 91.8 92,1 924 7.8 9.9 14,0 165 0.4
ik B8B.4 B80.4 7.8 7.1 0.5 93.3 942 95.0 7.3 ¥8.1 12,5 13.5 0.8
By 88.0 797 8.4 .0 0.4 93.0 9.5 9% 7.5 .5 155 155 0.8
Avg. B7.% 7%.7 8.2 7.1 0.5 $2.7. 833 919 75 97.2 1.0 152 0.
513 bv 0.6 0.8 0.3 0.1 LD S T T (5 S 141 5 - T
WIC 10 L5 0.6 0.2 0.0 Lad:l L& L 60 3% A S T
300 FT. FLYOVER -- TARGET IAS 123KTS.

C10 88,2 786 7.6 6.6 0.4 Wb | FLS 920 | ip 3 15 180 0.6
i1 8.3 782 B0 63 0.3 90.7  90.9 9.7 4.9 iy GO . A
Cl2  B&3 78.6 7.8 6.9 0.4 Pl | LT efiE %2 4.6 135 195 0.5
Cl3 874 7B 7.6 6.5 0.4 0 R 7 TS ¢ 3 2 5.7 4.5 14,5 1.1
CH B3 789 7.4 87 0.4 WA 96 230 74 i FTAEE & - S T R
Ci5 864 78.0 B4 4.9 0.4 MWy | T N3 7 94.6 180 17.5 0.9
Avg. 86,5 787 7.8 4.7 0.4 qiy | HA Bal g4 4.9 15,0 17.0 0.8
Std Dv 0.4 0.6 0.3 0,2 0.0 0.5 0.7 0.7 0.2 b5 2.3 2a 02
MACT 0.4 0.5 0.3 0.2 0.0 0.4 0.5 0.8 0.2 0.4 L ok R 5
S00 FT. FLYOVER -- TARGET 1AS 110KTS.

D16 BAS T75.4 9.1 6.7 0.4 883 1824 B} 7.5 00 .= 1 e T IO O ¥
D17 847 758 8.9 7.0 0.4 8.6 67.9 @88.R 7.5 92.4 19.00 20.5 0.9
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TAELE ND. A.5-5.1

BELL 222 HELICOPTER DOT/TSE
B/25/83
SUNHMARY NOTSE LEVEL DATA
AS MEARURED =
SITE: § CENTERLIME - 188 N, EAST JUKE 14,1983

EV SEL  ALw SEL-ALm K(&) @ EPHL  PNLx  PHLTa W(P)  DASPLm DURCA) DUR(CP) TC

12 DEGREE APPROACH -- TARGET 1AS 43KTS.

127 948 879 6.9 6.4 0.4 99.0 100.5 101.3 7.1 .2 A0 15 07
28 5.8 871 87 8.0 0.6 100.2 101.3 102.3 7.5 9.3 145 115 1.0
122 9.3 B4 &9 b1 0 7.0 108 1027 44 7.7 L. 0.5 0.9
fvg. 95,0 875 7.5 6B 0.5 7.4 101.2 102.1 4.9 990 127 115 g9
std Dy 0B 0.4 1. 1.0 0.1 0.7 0.6 0.8 0.7 0.8 0B 100 gl
902 Cl 1.3 0.7 1.8 1.7 0.2 i R I 1.3 1.2 o TR xR T
12 DEGREE APPRDACH -- TARGET 1AS S5KTS.

uw  93.5 8.8 57 65 0,5 78.9 1008 102.9 472 1008 7.5 8.0 1,4
U3l 93.0 84,9 4,1 4.8 0.5 8.6 101.6 102.6 6.8  100.4 8.0 7.5 1.0
U2 924 B4B 7.7 7.2 0.5 Y993 1006 7.0 7B.3 15 110 4.4
Avg. 930 BE.S A5 4B 0.5 98.5 100.9 102.0 &% SR sy Hog .
Stdbv 0.5 1.8 1.1 0.4 0.0 0.5 T4 42 g T N (] U 5.
X C1 0.9 2.7 LB 0.6 0.0 0.7 24 20 0.3 22 3 EBEO63
12 DEGREE APPROACH —- TARGET 185 &5KTS.

Vi3 B%.3 Bl.d4 5.9 7, 0.8 = SR 9R = b R T 1.0
V34 B%.4 B3I 7.1 6B 0.5 = 358 977 = 7.0 11.0 = 0.9
ViD. §0.6 B34 .8 I 0.5 .7 9E.2 9By 7.0 A 1L 100 6
Avg. BR.B B 4B 7.0 0.5 9 §7.8 9.7 7.0 .4 9.9 10000 DB
stebv 0,7 0.6 0B 0.2 0.0 = 0.7 0.9 0.4 1.3 = 0.2
0 Cl 12 0.9 L4 03 0.1 = L.i. 1.5 = Pub: 3. = C.3
12 DEGREE AFPROACH — TARGET 1AS 75KTS.

W6 B9.3 B3 4.0 8.5 0.5 94.6 8.3 991 6.3 WA A5 78 b7
W37 898 B34 b4 L8 0.5 5.5 984 9.3 7.0 Ml R kT 1
WiB 90,2 BA0 5.2 64 0.5 $6.1 99.B 100.% 5.9 S HE 7.5 1.)
W0 B9.% H3.8 &1 467 05 .7 993 1003 4.4 Yool RO c7e 10
Avg. B9.8 83.6 4.2 87 0.5 §5.5 98.% 999 & 8.5 8.4 7. 1.0
StdDv 0.4 0.4 0.2 0.2 0.0 0.6 0.7 0.8 0.4 | TR e 1
FULCl 0.4 04 0.2 0.2 0.0 0.7. 4.B P 6.5 €3 03 I 00

* - HOISE INDEXES CALCULATED USING- MEASURED DATA UMCORRECTED
FOR TEMPERATURE HUKIDITY,OR AIRCRAFT DEVIATION FROM REF FLIGHT TRACK
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TABLE MO, A.5-5.4
BELL 222 HELICOPTER
SUMMARY NOISE LEVEL DATA

AS MEASURED 2

SITEs. 5 CENTERLINE - 1B8 K. EAST
EY SEL  Als SEL-ALe Kia) O EPHL PNLs  PHLT
00 FT. FLYDVER -—- TARGET 145 137415,
B7 8.2 9.3 1.8 69 0 T 925 S5
Ed 2.0 ALY AL 7 65 7.7 95,7 9.1
B? B8.4 Bl.A T KB 0L 3.1 951 5k
ﬁtg. B2 B0.E: 7.4 69 0.5 72.9 945 95.
stdbv 0.9 1.4 0.5 0.1 0.0 TS 1 T 4
FOZCI L4 3 0.8 0.2 0.0 Ly s S
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C13  B88.1 Bl.4 4.7 6.5 0.4 2.8 950 95.8
Ci4 859 79.7 4.1 b2 0.4 0.5 9% 9%
G150 A e L ES 0.8 90.9 92.% 95
Avg. BT 7.8 7.1 b 0.4 1.7 73R G
Stdlv 0.8 08 0.7 0.2 b 0.8 0.7 .8
PXCI 0.7 0.7 0.6 B2 0.0 0.7 b6 0.8
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017 Be.0 7B F.b 6B D4 . F2.6 73,3
Dig  BA.L TR AS A7 D4 0.6 S1.6 934
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TABLE NO. A.5-5.5
BELL 222 HELICOPTER
SUMMARY NDISE LEVEL DATA
AS HEASURED #
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Al 2.4 7LD 0.2
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APPENDIX B

Magnetic Recording Acoustical Data
for Flight Operations on June 16

On the third day of testing, an FAA mobile magnetic tape recording system
was deployed at a single measurement. The data acquisition is described
in-Section 5:6,3.

EPNL, SEL, and ancillary indexes wers calculated according to FAR-34
procedure using "As Measured" data, i.e., noise data uncorrected for
temperature, humidity or aircraft deviations from reference flight track.
The data reduction is further described in Section 6.3

This Appendix contain "As Measured” noise level data for the June 16, 1983
tests of the Bell 227 ar one microphone during approach and level flyover
operations. The magnetic recording acoustical data for June 14 and 15,
conducted by TSC rather than FAA, are presentad in Appendix A.

Each table within this appendix contains the following information:

EV The event, the test run number

S5EL sound Exposure Level, expressed in decibels

ALy Maximum A-weighted Sound Level, expressed in decibles
EPNL Effective Perceived Noise Level

PHLy Maximum Perceived Noise Level

PNLTy Maximum Tone Corrected Perceived Noise Level

OASPL Mawximum Overall Spund Level

DUR{A) 10 dB-down Duration of AL time history

DUR(E) 10 dB-down Duration of PNLT time history

16 Tone Correction calculated at PNLTwy



TABLE B.1
BELL 222 HELICOPTER
SUMMARY NOISE LEVEL DATA
A5 MEASURED#*
SIDELINE - 150M SOUTH

APPROACHES

EV SEL LAH EPHL Ph'l..H PNLTH DASPL DUR (4} DUR (P} IC

026 B8.8 81.2 83.5 4.6 896.0 89.5 14.5 14.0 1.4
Q27 89.7 81.9 84.3 95.4 97.0 90.6 14.5 12.5 1.6
g8 89.9 80.0 84.6 93.9 95.0 89.9 20.0 19.0 1.1
Q28 B6.7 7.6 90.9 81.4 §2.0 87.9 18.5 19,0 1.0
Q30 89,4 8l.0 93.6 94.3 95.1 90.3 14.5 15.5 0.9
031 80.5 1.0 895.1 94.6 95.4 0. 4 20.0 19.0 0.8
Q32 871.7 79.3 92.4 93.3 894.5 d45.2 19.5 175 1.1
Q33 90.8 82.2 95.4 95.6 96.4 91.4 16.5 16.0 0.8
034 89.9 81.5 94.4 85.4 96.3 81.5 14.5 13.0 1.0
G35 25.9 81.5 94.6 95,2 96.3 01.1 14.5 E3:5 1.2
036 88.1 8.2 32.4 91.8 93.1 B7.7 20.0 20.5 1.5
Q37 90.7 82.0 053 86.0 G6.8 g92.8 18.0 I02h 0.8
038 89.5 81.3 93.8 94.7 96.3 Q0.8 17.5 16.0 1.7
Q39 B9.4 B1.8 93.9 95.1 96.2 0.2 14.0 130 1.1
Q&0 - P B - 91.5 92.9 87.5 - - 1.4
041 £9.5 a0.7 94.2 94.3 95.7 B0.5 16.5 14.0 1.7

*Noise indexesz calculated using measured dat
alrerafr deviation from ref flight track.

& uncorrected for temperature, humidity, or



TARLE R.2
BELL 222 HELICOFTER
SUMMARY NWOISE LEVEL DATA
AS MEASURED*
SIDELINE - 150M SOUTH

LEVEL FLYQOVERS

EV SEL Lay EPHL PNL,, PNLT, OASFL DUR(A) DUR(E) TG
G 42 86.8 i 1.9 92:8 93.4 92.3 17.0 16.0 07
G &3 85.8 i 91.2 Q0.8 91.7 89.5 16.0 Z1.:5 0.9
G 44 85.7 76.5 80. 4 90.2 9L.5 89.8 1555 16:5 1.3
H 45 B4 .4 5L g8.49 88.4 89,2 87.0 17.5 19.5 0.9
H 46 B4. 4 T4.8 88.9 8E.2 88.8 86.6 22.0 22.0 0.6
H 47 84,2 75.1 BE.4 87.7 B8.5 85.5 18.0 19.5 0.8
I 48 82.5 73.0 86.1 B5.1 85.9 83.8 19.0 20.0 0.9
1 449, 82.7 2.8 ba.h 5.8 86.3 83.2 21.0 21.5 0.7

*Hoise indexes calculated using measured data uncorrected for temperature, homidicy, or

aircraft deviation from ref flight track.






APPENDIX C

Direct Read Acoustical Data and Duration
Factors for Flight Operations

In addition to the magnetic recording systems, four direct-read, Type-1
noise measurement systems were deployed at selected sites during flight
operations., The data acquisition is described in Section 5.6.2.

These direct read systems collected single event data consisting of
maximum A-weighted sound level (AL), Sound Exposure lLevel {SEL),
integration time (T), and equivalent sound level (LEQ). The SEL and dB4,
as well as the integration time were put into a computer data file and
analyzed to determine two figures of merit related to the event duration
influence on the SEL energy dose metric. The data reduction is further
described in Section 6.2.2; the analysis of these data is discussed in
Section 9.4.

This appendix presents direct read data and contains the results of the
helicopter noise duration effect analysis for flight operations. The
direct read acoustical data for static operations is presented in
Appendix E.

Each table within this appendix provides the following information:

Bun No. The rest run number

SEL{dB) Sound Expesure Level, expressed in decibels

AL(dB) A=-Weighted Sound Level, expressed in decibels

T{10=-dBE) Intepration time

K{A) Propagation constant describing the change in dBA with
distance

Q Time History “shape factor"

Average The average of the column

N Sample size

Std Dev Standard Deviation

0% C.I. Ninety percent confidence interwal

Mic Site The centerline mircophone site at which the measurements

were caken



HELICOPTER: BELL 222 TABLE C.1
TEST DATE: 4-15-83

OPERATION: 1000 FT FLYOVER(D.9¥UNE)/TARGET 145=123 KTS

HIC SITE: l

RUN NO. SEL(DB)  AL(DB) T(10-DB) Kia) !

Al B2 72,1 23 7.1 o4

A2 Bl.5 70.8 a7 ] 4

A3 82,1 71.4 27 1.5 4

Ad Bl.3 7.1 F&] 7.3 .4

Ad B2 b 30 7.4 4

Ad B3 72.4 24 7.9 o

AVERAGE BZ,00  71.50 24,30 7.40 o

H 4 é 6 é d

S5TD.DEV, .57 0.70 2.14 A7 a2

¥0% L0 0.49 0.58 1.78 .14 .02
HELICOPTER: BELL 222 TABLE C.2

TEST DATE: 4-15-83

OPERATION: 500 FT FLYOVER(WNE)/TARGET 1AS=137 KTS

MIC SITE: |

RUN NO. SEL(DB)  AL(DB) T(10-0B) LIGH ]
B7 87.2 . 13 7.3 ]

B8 B8.7 Bl.4 11 6.8 0w

B Be.B Bl.2 12 7 o
AVERAGE B8.20  B0.40  12.00 7.00 o
N 3 3 3 3 3

5TD.DEV, 0.90 1.34 L.t 23 A2

0% C.1, Lal 2.26 1.4% 38 03




HELICOPTER: BELL 222

TEST DATE:

6-15-83

TABLE C.3

OPERATION: 500 FT FLYOVER(D,9WNE)/TARGET 1AS=123 KTS

HMIC SITE: 1

RUN NO. SELCDB)  AL(DB) T(10-DB) KiA) 0

10 87.1 9.4 13 4.9 .5

c1} 87.1 77.3 14 4.8 o

Ciz 87.7 77,7 13 6.8 A

I3 87.8 B0.7 13 8.2 4

Cl4 BS.4 7.3 12 6.8 .

AVERAGE 82,30 7970 13.40 .70 o4

N ] 3 J 3 3

ST0.DEV, 0.4% 0.8 1.14 27 03

#0% C.1, 0.47 0.45 1.0% 27 03
HELICOPTER: BELL 222 TABLE C.4&

TEST DATE: é-15-83

OPERATION: 500 FT FLYOVER(O.BSNE)/TARGET 14S=110 KTS

MIC SITE: !

RUN NO. SEL(DB)  AL(DB) T(10-DB) KAl ]
Dié Bd 78.5 13 §.7 .4

017 B3.8 78.4 12 8.9 i

Dig Bé 78.1 10 7.9 8
AJERABE B5.70 78.30 1170 7.20 ]
N 3 3 3 3 3
ST0.DEV, 0.12 0.2! 1.33 .44 .1
P L1, 0.1% D.35 2,98 1.08 A7



HELICOFTER: BELL 222
TEST DATE:

OPERATION:

RUN NO.

El¥

AVERABE
N

S§TD.0BV.

0% C.1.

HELICOFTER: BELL 222
TEST DATE:

OPERATION:

RUN NO,
642

643
EB44

AVERAGE
N
STD.DEV,

mC.I,

&-13-B3

TABLE C.5

300 FT FLYDVERCD.7#ME)/TARGET 1A5=94 KTS

SEL(DB)

Bé.1

Bé.10

ERROR

ERROR

§-16-83

AL(DB) TC(10-DB)

79.2

77.20

!

ERROR

ERROR

MIC SITE:

K(A)

12 6.4
12.00 6.40

I l
ERROR  ERRODR
ERROR  ERROR
TABLE C,&.1

!

ERROR

ERROR

700 FT FLYOVER(WNE)/TARGET IAS=137 KTS

SEL(DB)

84.4
85.5
8.2

B3.00

3

0.57

0.%4

ALCDBY T(10-DB)

0.47

0.80

MIC SITE:

k(A

14 2

15 745

lé 7.4
15.70 7.40
3 2
0.38 W23
0.%7 43

.04

04




HELICOPTER: BELL 222 TABLE C.6.2
TEST DATE: &-14-B3
OPERATION: 700 FT FLYOVER(VNE)/TARGE T IAS=137 KTS
HIC SITE: l
RUN NO. SEL(DB)  AL(DB) T(10-DE) Kia) o
G642 B7.1 7.3 13 7 o3
643 88,7 7.2 12 8.2 o4
Bd4 7.3 78.5 14 7.3 3
FVERAGE 87.00 7B.40  13.70 7.50 ]
N 3 3 3 3 3
5TD.DEV, 0.3! 0.70 2.08 o 07
PI% C.1. 0.52 Laa 3.51 1.01 14
HELICOPTER: BELL 222 TABLE C.6.3
TEST DATE: 4-14-83

OPERATION: 700 FT FLYOVER{WNE)/TARGET 145=137 KTS

MIC SITE: q

RIN NO. SEL(DB) AL(DB) T{10-CR) KiA) i
542 Bd.é 74 14 i b

643 85.8 78.% 14 7.4 o

44 Bd 77.4 13 7.7 b
AVERAGE Bé.10 7730 14,30 7.70 ]
N d 3 3 3 3
ST0.0EV., 0.42 0,34 1.53 24 04
§04 C.1. 0.70 0.é1 2.58 . A7



HELICOPTER: BELL 222 TABLE C.7.1
TEST DATE: é-14-83

OPERATION: 700 FT FLYOVER(D,9#ME)/TARBET 1AS=123 KTS

HIC SITE: 3

RUN NO. SEL(DB) AL(DB) T¢10-DB) Kia) ]
H45 B3.7 4.4 19 7. WA

Haé B4.3 74 23 7.6 o

K47 B4 74.4 18 7.5 B
AVERARE 84.00 74.40 20,00 7.40 9
N 3 3 3 3 3

STD.DEV. 0,30 0.35 2.43 24 .03

0% C.1. 0.31 0.58 4.44 A 05

HELICOPTER: BELL 222 TABLE C.7.2
TEST DATE: é-14-83

OPERATION: 700 FT FLYDVER(D.5sUNE)/TARGET 14S=123 KTS

HIC SITE: ]
RUN NO. SEL(DB)  AL(DB) T(10-DB) Kia) i
Has B3.4 74,6 1% 7 A
Hed 04,7 19.7 1y 7.2 4

H47 Bé.4 7d.3 1% 7.9
AVERABE B35.60 74,20 1%.00 7.40 ]
N 3 3 3 3 3

STO.0RV. 0.75 0.46 0.00 WA 04

17 1.7 0.77 0.00 7 A1



HELICOFTER: BELL 222 TABLE C.7.3
TEST DATE: ¢-14-83

OPERATION: 700 FT FLYOVER(D.9#NE)/TARGET IAS=123KTS

NIC SITE: q

RUN NO. SEL(DB)  AL(DB) T{10-DB) Kia) o

H45 Bd.] 74.4 18 147 «d

K44 B4.3 f3.4 18 7.2 oJ

H47 84.3 745 17 8 4

AVERAGE 84,30 7480 1770 a8 ]

N 3 3 3 3 3

STD.DRV, 0.20 0.55 0.58 4 é

i 8 0.34 0.93 0.97 Wl 0F
HELICOFTER: BELL 222 TABLE C.8.1

TEST DATE: é-14-83

OPERATION: 700 FT FLYQVER(D,BSUNE)/TARGET 1AS=110 KTS

HIC SITE: 5

RUN NO. SEL(DB}  AL(DB) T(10-DE) Kia) 0
148 Bl.B .7 22 7.3 v3

14% B2.8 73.7 18 fid ]
AVERAGE 82.30 72,70 20.00 7.40 ]
N 2 2 Z 2 2
S§T0.0EV, 0.7 1.41 2.83 18 01

02 C.1. 316 832 12.44 87 .04




HELICOFTER: BELL 222 TABLE C.8.2

TEST DATE: 4-14-83

OPERATION: 700 FT FLYDVERCO.8#NE)/TARGET IAS=110 KTS

MIC SITE:

RUN ND. SEL(DB} AL{DB) T{10-DB) E{#)

148 B2.4 72.7 21 a3
14% B2.7 72.8 24 7.2

AVERAGE B2.70 72.80  22.50 7.30

N 2 Z 2z 2
STD.DEV, 0.07 b.07 2.12 .22
11 o 0.32 0.32 .48 g9

HELICOPTER: BELL 222 TABLE C.3.7

TEST DATE: 6-14-83
OPERATION: ICAD TAKEOFF

HIC SITE:

RUN NO, SELCDB) AL(DB) T(10-0B) K{A)

K20 Bd.4 73.4 18 7a2
K21 B3.7 76.8 18 7.1
K22 84.3 74.4 19 7
K23 B3.l 7é.2 17 7.2
k24 B4.8 4.4 Zl 7.7
K23 B4.3 74.8 17 7.7

AVERAGE B4.80 75.40 18,30 7.40
| 4 & & 8
STD.DEV. 0.54 0.94 1.5 i3

7054 L.l 0.4d 0.7% 1.24 28

4

04

A7

04

03




HELICOPTER: BELL 222
TEST DATE:

OPERATION:

RN NO.

KZ0

K21

K22

K23

K24

K25
AJERABE

N

STD.DEV,

0% C.1,

HELICOPTER; BELL 222

TEST DATE;

&-14-83

ICAD TAKEDFF
HIC SITE:
SEL{DB) AL{DB) T(10-DB) Kia)
B3. 73.3 23 7.8
B4.! 73.8 21 7.8
B3, 72.8 23 7.7
g3.2 4.1 20 7
B3.5 73 24 7.4
83.1 2.7 24 7.5
B3.50  73.30  22.50 7.90
4 é é 4
0.3 1T 1.44 2B
0.30 0.44 1,33 x|
TABLE C€.10:

6-14-83

TABLE C.3.2

.03

.03

OPERATION: & DEGREE I1CAD APPROACH/TARGET 1AS=45 KTS

RN WO,

L1
L2
L3
L4
L5
Lé

AVERAGE

STD.DEV,

90% C.1.

SELCDR)
7.3
5.5
74,3

#é4
95.3
94,9
F3.10
8
ul'ﬁq

0.53

HIC SITE:

ALCDEY TC10-DB) Kia)
B7.3 10 7
BB.7 11 4.5
87.1 11 7.
gr.9 g 4.8
87.8 1 7.d
BE.S 10 d.4
8e.20 10,00 &.70
é [ é
1.04 1.10 4
0.84 0.70 .33

03

04




HELICOPTER: BELL 222

TEST DATE:

é-14-83

TABLE C.10.2

OPERATION: & DEGREE 1CAD APPROACH/TARGET 145=45 KTS

RUN HO.
L1

L2

L3

L4

L3

Lé
AVERAGE

K

§TD.DEV.

0% C.1.

HELICOFTER: BELL 227

TEST DATE:

OPERATION:

RLN WO,
N7

HE
H¥

AVERAGE
N
STD.DEV,

0% C.I.

SELCDB)

2.4
7.7
73,7
93.2

-

74.2

§3.50

&

0.6}

0.50

d=14-83

SEL(DB)

87.5
0.3
89.3

B9.00

3

1.42

2,39

ALLDE) T{10-DB)

B3.7
85.7
B5.¢
85.7
85.7
Bé.3

85.50
é
0.7

0.75

MIC SITE:

KAl

14 7.4

12 7.4

H 7.3

11 7.2

11 7.5

12 7.3
11.80 7.40
é é
1.17 14
0.94 o1
TABLE C.11.1

¢ DEGREE APPROACH/TARBET JAS=45 KTS

HIC BITE:

AL{DB) T{10-DB)

B.1
Bl.%
B0.2

80.70
3

1.04

1.7

24
16
2

20.00
3
4.00

d.74

Kiad
3.4

7
7

é.40

74

1.38

02
1



HELICOPTER: BELL 222 TABLE C.11.2
TEST DATE:  4-14-63
OPERATION: 6 DEGREE APPROACH/TARGET 1AS=45 KTS
NIC SITE: 1
RUN NO. SEL(DB)  ALCDR) TC10-DB)  K(A) !
N7 915 6.4 17 1oid 4
M 870 78.3 19 4.9 4
g B9 79.7 I A
AVERABE  89.20  B0.50 1870 4,80 A
! 3 3 3 3 3
SO0V, 221 2.5 153 . .03
WACI., 372 443 258 .82 .05
HELICOPTER: BSL.L 22 TABLE C.12.]
TEST DATE: 4-14-83
OPERATION: & DEGREE APPROACH/TARGET 1AS=55 KTS
NIC SITE: 5
RUN ND. SEL(DB)  AL(DB) TC10-DB)  K(A) a
N0 944 B6.5 2| e 5
NiT 924 B4.5 1 iz 5
N2 927 B4.S 15 1ugh A
N3 931 B5.3 4 4.8 A
MERAGE  93.20 85.20 14.00  7.00 5
N 4 4 4 4 §
STO.OBV. 0.9 0,95 1.41 .23 .04
(7742 RN VCT SN 1 (G 17 - IR SR




HELICOFTER: BELL 222

TABLE C.12.2

0é

.08

TEST DATE:  6-14-83

OPERATION: 4 DEGREE APPROACH/TARGET 1AS=SS KTS

MIC SITE:

RUN NO. SEL(DB)  AL(DB) T(10-DB)  K(A)

NIO RIS B3 ||

NI 90,6 B1.8 15 | |78

NIZ 935 7. 12 5.9

N3 9.4 837 15 7.4

AVERABE 92,10 8410 1400 7.00

N 4 4 4 4

STO.ORV. 1,20 2,21 .41 72

0% C.0. 1.42 240 1.6 .85
HELICOPTER: BELL 222 TABLE C.13.1

TEST DATE:  6-14-83

OPERATION: & DEGREE APPROACH/TARGET 1AS=75 KTS

MIC SITE:

RUN N0, SEL(DB) AL(DB) TCI0-DB)  Kids

014 A BS.6 wi || M

015 93 85.5 It | 153

014 9 84 10 7

AVERAGE  93.00 8570 100 7.10

N 3 3 3 3

STO.OEV. 0.0  0.26 .58 .12

9% C0. 0.0 0.45  0.97 2




HELICOPTER: BELL 222 TABLE C.13.2

TEST DATE: ¢é-14-83

OPERATION: & DEGREE APPROACH/TARGET 14S=75 KTS

HIC SITE:

RUN NO, SEL(DB) AL(DB) T(10-DB) K¢ad

014 ¥2 Ba.7 13 7.3

015 71,3 83,3 13 7.4

01é §2 B3.7 13 7.3

AVERAGE 91.80  B3.60  13.00 7.40

N 3 3 3 3

STD.DEV, 0.2% 0.23 0.00 05

704 C.1. 0.49 0.37 0.00 0%

01

01

HELICOPTER: BELL 222 TABLE C.14.1

TEST DATE: 4-14-83

OPERATION: & DEGREE APPROACH/TARGET 1AS=85 KTS

MIC SITE:

RIN ND. -SEL(DB) AL(DE) T(10-DE) KAl

P17 7.7 B5.7 § 4.3

P18 #0.4 Bd.2 i1 .

P19 91.3 B4.2 10 7.4

AVERAGE .20 B4.70  10.00 §.30

N 3 3 3 K|

STD.DEV. 0.54 0.87 1.00 i}

0% C.I. 0.%4 1.4 1.8% 87

0é



HELICOPTER: BELL 222 TABLE C.14.2
TEST DATE: 4-14-B3

OPERATION: & DEGREE APPROACH/TARGET 14S=85 KTS

MIC SITE; 1

RUN NO, SELCDB) ALCDB) TL10-DR) Kia) B

P17 ae.7 £1.8 12 7.3 ]

Pig 90,2 g1.9 12 1.7 b

By 0.5 B3.2 12 4.8 A

AVERABE 7010 62,30 12.00 7.3 5

N 3 3 3 3 3

STO.DEV, 0.0 0.78  0.00 47 n

0% .1, 0.48 1.32 8.00 7 il
HELICOPTER: BELL 222 TABLE C.15.1 |

TEST DATE: 4-15-83

OPERATION: EXPERIMENTAL MULTI SEGMENT APPROACH

HIC SITE: |

RUM WO. SELCDB) AL(DR) T¢10-DB) KAl ¢
G20 74.9 87,4 & 7. o

g21 ?2.3 84.4 4.5 2
AJERAGE 23.40 87.90 7.00 6,80 e
N 2 2 Z 2 2
5TD.0EV. 1.84 2.12 1.41 .38 A7

#0%4 C.1. B.21 7.48 4,32 .47 .33




HELICOPTER: BELL 227 TABLE C.15.2
TEST DATE: 4-15-83

OPERATION: EXPERIMENTAL MULT] SEEMENT APPROACH

HIC SITE: 4

RUN NO. SEL(DB) AL(DB) T(10-DB) Rif) B

020 10 74.8 7 7.3 T

az21 98.4 ¥i.4 7 6.3 ]

AVERAGE 7R.E0 93.40 B.00 .50 i3

N 2 2 2 2 2

5TD.DEV, 1.70 1.70 1.4} 1) .

pOx C.1, 7,98 7.38 §.32 2,45 L
HELICOPTER: BELL 222 TABLE C.16.1

TEST DATE: 4-16-83
OPERATION: EXPERINENTAL MULT! SEGMENT APPROKCH

MIC SITE: 3

RUN NO, SEL(DB) AL(DB) T(10-DB) Kia)

024 B4.3 74.4 12 .4 §

023 B4.5 74.4 19 4.9 3

024 B4.7 77.3 Ié 7.0 3

027 B7.3 78,3 17 7.3 J

g2 BE.3 7.3 18 7.2 4

a2y 83.% 77.4 14 &l 4

830 B5.%7 73.3 20 .l ¢

g3t 70 Bl.8 14 72 ]

g2 B4.4 74.4 19 6.3 3
AVERAGE Bé.80  77.40  14.80 7.40 .3
N ¥ ¥ § ¥ §
ST0.DEV, 1.7% 2.2 2.39 87 14

¥04 .1, 1.11 1.38 1.40 .54 0%




HELICOPTER: BELL 222 TABLE C. 16.

(i)

TEST DATE: &-14-82

DPERATION: EXPERIMENTAL MULTI SEBMENT APPROACH

MIC SITE: 1

RUN NO. SEL(DB) ALCDB) T(10-DE) Eia) g
a4 §5.4 B8.5 7 7.2 o
025 §5.5 B9.% 7 b.d ]

(28 71.8 B5.3 B 7.2 o
ez 3 B4.1 10 4.9 ]

028 50,2 1.7 13 7.1 3

229 72,5 B7.4 g bud ]
30 fi.1 84.3 ) 6.9 3
B31 B8.4 79.4 17 7.2 A
03z BE.3 E0.3 15 6.8 .4
AVERAGE 71,60 84,80 1070 .90 ]
N ¥ 7 ¥ g j

STD.DRV. 2.57 3.59 3.77 .24 03

0% C.1. 1,59 2.20 2,46 13 03

HELICOPTER: BELL 222 TRBLE €. 16.3
TEST DATE: 4-14-83

OPERATION: EXPERIMENTAL MULTI SEGMENT APPROACH

MIC SITE: 4

RUN ND, SEL(DB) AL(DB} T(10-DB) Kig) g
624 BS 74.8 14 B.5 )

325 89.8 0.8 13 7.9 ]

824 BY.% 82.3 14 d.3 o

27 B%.9 Bl.4 17 6.7 .4

oza 70.2 Bl.2 i 7.3 ]

azy B7.8 79.8 13 4.8 4

30 90.5 B1.7 23 8.3 3

g3l ®0.7 81,1 24 4.8 4

03z B8.3 78.7 18 7.8 ]
AVERAGE g7,00  @0.20 17,90 7.20 g
N 7 ¥ H 9 s
S§TD.OEV, 1.8 2,32 4.08 7 11l

904 C.1. 1.12 L.44 2.33 A7 07




HELICOPTER: BELL 222 TABLE C.17.1
TEST DATE: 6-14-83

OPERATION: EXPERIMENTAL MULT] SEGMENT APPROACH

MIC SITE: 3

RUN NO. SEL(DB) AL(D8) T(10-DB) Kea) @
IRE] 8.9 81 14 6.4 .4

34 BE.4 78.1 23 Tud o3
033 BE.4 Bl.3 14 6.7 o4
034 B4.9 77.2 28 4.7 3

237 E7.3 7.7 I? 743 B
03g 7.8 79.7 14 8.7 L]
a3 B7.4 79.) 17 4.9 .4
040 B3.8 76.1 24 7 4

B4l 87.3 78.1 21 7 o
AVERAGE B7.80 78.80  20.00 7.00 4
N § § g 7 §

ETD.DEV, 1.0% 1,59 4.30 A5 Q4

704 C.1, D.é8 0.%¢ 2:47 V22 03

HELICOPTER: BELL 222 TABLE C.17.2
TEST DATE: 6-14-83
OPERATION: EXPERIMENTAL MULT! SEGMENT APPROACH

MIC SITE: l

RLN NO. SEL(DB)  AL(DB) T{10-DB) Eid)

833 B8.7 79 14 B.1 .

34 B%.B B0.9 13 7id W3

235 9.8 Bl.4 13 TRt oo

03¢ BY.3 BO.5 & {3 3

037 B?.4 BO.é 14 7.3 ]

038 71.1 B3.8 10 7.3 il

g %13 83.7 11 7l va

40 50 Bl.d 13 7.1 i

B4t BY BO.4 14 7.3 .3
AVERAGE BY.B0  B1.30  13.%0 7.40 ]
K ¥ § 7 ] 7
STO.DRV. 0.28 1.55 2.15 27 04

0% C.1, 0.53 0.%4 1.33 Wb 02



HELICOPTER: BELL 222 TABLE C.17.3
TEST DATE: 4-14-83

OPERATION: EXPERIMENTAL MULTI SEGMENT APPROACH

MIC SITE: q

RUN ND. GSEL(DBY AL{DB) TC10-DB) K(A) a
833 B9.% a1 14 7.4 it

@34 50 b1.4 14 7.3 ]

035 70.3 B2.2 18 ] 4

(34 B7.7 78.4 18 7.2 .3

037 68,8 77.9 18 7.1 .4

(38 B8.2 79.3 14 7.4 D

g3g EB.B 79.4 20 7.1 4

040 B8.y 79.8 i4 7.9 o

B4l BY.4 B0.9 20 6.3 .4
AVERAGE B9.10 80,30  17.10 7.20 o
N ¥ § 9 H 7
5TD.DEV. 0.84 1.14 2,26 A7 07

PO C.1. .54 0.7 .40 27 3

HELICOPTER; BELL 222 TABLE C,18
TEST DATE: 4-15-B3

OPERATION: EXPERIMENTAL HULTI SEGMENT APPROACH

HIC SITE: 1

RUN NO. SEL(DB)  AL(DB) T(10-DB) LY H
R22 2.2 85 10 7.2 o
AVERAGE 92,20  B5.00  10.00 7.20 3
N I | 1 l |

ST0.OEV.  ERROR  ERROR  ERROR  ERROR  ERROR

904 C.1.  ERROR  ERROR  ERROR  ERROR  ERROR



HELICOPTER: BELL 222

TEST DATE: 4-15-83

TABLE €.19.1

OPERATION: EXPERIMENTAL MULTI SEGMENT APPROACH

RUN NO. SEL(DB)
523 101.4
AVERABE  101.40
N |
STD.DEV.  ERROR

0% C.1I.  ERROR

HELTCOPTER: BELL 222

TEST DATE: 4-15-83

MIC SITE: 3

ALCDB) T(10-DB) K(A) i
¥4.2 7 8.2 .3
74,20 7.00 .20 ]

| l I l
ERROR  ERROR  ERROR  ERROR

ERROR  ERROR  ERROR  ERROR

TABLE C.19.2

OPERATION: EXPERIMENTAL MULTI SEGMENT APPROACH

RUN NO. SEL(DB)
£23 ¥6.7
AJERABE 74,70
N 1
STD.DEV.  ERROR

04 C.1.  ERROR

HIL SITE: l

AL(DB) TC10-DB) Kig) 0
89.5 10 FiF ]
B?.50  10.00 7.20 8]

l | | |
ERROR  ERROR  ERROR  ERROR

ERROR  ERROR  ERROR  ERROR



HELICOPTER: BELL 222 TABLE C.20.1
TEST DATE:  é-14-83

OPERATION: 12 DEGREE APPROACH/TARGET 1AS=45 KTS

NIC SITE: 5

RIN NO, SEL(DB)  AL(DB) TCID-DB)  K(a) 7

2% 100.9  91.4 8! 7y 5

9.2 8.5 1 8.4 2

T8 9.4 8.7 12 9 4

1% 1005 915 TR 7

WERAGE  99.00  B9.80  13.00  8.30 7

N 4 4 4 4 4

STOLOEV.,  1.97 202 337 48 .13

0% L. 237 238 3.94 8 16
HELICOPTER: BELL 222 TAELE C.20.2

TEST DATE: 4-14-83

OPERATION: 12 DEGREE APPROACH/TARGET 145=45 KTS

MIC SITE: 1

RIN O, SEL(DB) AL(DB) T(10-DB)  K(A) 0
T2 944 B5.4 15 2.7 5

127 9.3 846 1 7.4 5

T8 92.8 8 13 4.1 4

129 942 85.4 20 4.8 4
AVERAGE  94.00  85.%0 14,80  7.00 5
N 4 4 4 4 4
STD.DEV.  0.80  0.53  3.86 .69 KE

704 C.1. 0.94 0.62 4.54 81 A1




HELICOPTER: BELL 222 TABLE C.21.1
TEST DATE: 4-14-83

OPERATION: 12 DEGREE APPROACH/TARGET 1AS=SS KTS

HIC SITE: 3

RUN ND, SEL(DB) AL(DR) T{10-DB) Kia) ]

U3 93.4 87.5 B 4.5 8]

U3l 9z.8 85,4 g 8.9 o3

U3z 92.3 B5.1 11 é.7 g

AJERABE 72,80 84.40 .00 &.80 3

N 3 3 3 3 3

STD.DEY, 0.55 1.2 1.73 .2 A2

R0% C.I. 0.%3 2.04 2.%2 .39 A4
HELICOPTER: BELL 222 TABLE C.21.7

TEST DATE: é-14-83

OPERATION: 12 DEGREE APPROACH/TARGET 1AS=55 KTS

NIC SITE: |

RUN ND. SEL(DB)  AL(DB) T(10-DB) KA ]
3o BE.B 60.3 17 é.7 .4

13 0.5 0.8 I8 1.2 5

L3z 0.7 B3.4 12 6.8 4
AVERAGE 70.00  81.40  15.70 7.10 +3
N 3 ] 3 3 3
ST0.DEV. 1.04 1.5% 3.21 .54 0é

¥4 C.0. 1.76 2.49 3.42 .93 o]



HELICOPTER: BELL 222
TEST DATE:

OPERATION:

RUN NO,
Va3

Va4
vas

AVERAGE
H
ETD.DEV.

70% C.1,

HELICOPTER: BELL 222
TEST DATE:

OPERATION:

RUN NO.
V3l

v34
Va5

AVERAGE
N
STD.DEV.

0% C.1.

4-14-83

TAELE

S |

12 DEGREE APPROACH/TARGET 1AS=45 KTS

SEL(DB)
0.3

B%.5
0.8

70.20

3

0.84

1.1

&-14-83

MIC SITE: 3

AL(DB) T(10-DB) Kia) !

63.4 ] 76 o

B2.3 12 8.7 A

83.4 10 7.3 3

B3.10  10.00 7.20 ]

3 3 3 3

0.70 2.00 .49 ¥

1.18 3.37 B2 13
TABLE C.22.2

12 DEGREE APPROACH/TARGET 1AS=65 KTS

SEL(DB)

88.70
3
0.72

1.22

AL(DB) T(10-DB)

NIC SITE: |
Ki4) !

BO.& Iz 7 A
BO.5 12 T2 ]
62 13 §.7 A
g1.00 12,30 7.00 2
3 3 3 3
0.84 0,58 29 04
1.41 .57 A2 JDé




HELICOFTER: BELL 222 TABLE C.23.1

TEST DATE: 4-14-B3

OPERATION: 12 DEGREE APFROACH/TARGET 1AS=70 KTS

NIC SITE: 5
RUN ND, SEL(DB) ALCDB) T(10-DB)  K(a) g
W3 85.% 83.7 ? 2.3 o2
W37 90.3 839 9 6.7 5
W3B 20,5 B4.4 g 8.5 o
W39 B?.¢ 83.7 8 4.7 3
W40 0.1 B4.3 i 4.% ]
AVERAGBE  90.10  B4.00  8.20 4.0 5
N 5 5 5 5 5
SO0V, 0,38 0.0 0,84 .33 05
f0x C.1. 0.37 0,38 0.0 31 .04
HELICOFTER: BELL 227 TAELE C.23.2
TEST DATE: &-14-83
OPERATION: 12 DEGREE APPROACH/TARGET 1AS=70 KTS
MIC SITE: 1
RUN ND, SEL(DB) ALCDB) T(10-DB)  K(A) 0
W3 ge.1 9.7 14 7.3 i)
W7 B8.5  B0.S 12 7.4 5
W3g g8.3 80.5 12 7.2 3
Was 87.4 9.7 14 é.4 A
Wio  87.6 9.7 5 8.7 A
AVERAGE  ©B.00  BD.00  13.80  7.00 5
N ] 3 3 3 3
ST0.08V, [.47 0.44 1.7% 44 07
904 .1, 0.44 0.42 LT 42 04







APPENDIX D
Magnetic Recording Acoustical Data for Static Operatioms

This appendix contains time average, A-weighted sound level data along
with time average, one-third octave sound pressure level information for
eight different directivity emission angles, These data were acquired
June 14 using the TSC magnetic recording system discussed in Section
S5.6.1.

Thirty-two seconds of corrected raw spectral data (64 contiguous 1/2
second data records) have been energy averaged to produce the data
tabulated in this appendix. The spectral data presented are "As Measured"”
for the given emission angles established relative to each microphone
location. Also included in the tables are the 360 degree (eight emission
angle) average levels, calculated by both arithmetic and energy averaging.
The data reduction is further described in Section 6.1. Figure 6.1
(previously shown) provides the reader with a quick reference to the
emission angle convention.

The data contained in these tables have been used in analyses presentaed in
Sections 9.2 and 9.8. The reader may cross reference the magnetic
recording data of this appeandix with direct read static data presented in

Appendix E.



Appendix D

Static Tests - "As Measured" 1 /3 Octave Noise Data are presented.

The key to the table numbering system is as follows:

Table No. B l-1H.

Appendix No.

Helicopter No. & Microphone Location

Page No. of Group

Table No. D.I-X.X  Aerospatiale SA-365N ( Dauphin)
D.2-X.X  Aerospatiale SA-355F (Twinstar)
D.3-X.X  Aerospatiale A5-350D (Astar)
D.4-X.X  Sikorsky 5-76 (Spirit)
D.5-X.X Bell 222
D.6-X.X Hughes 500D
D.7-X.X  Boeing Vertol CH-470D (Chinook)
Microphone No. 1H (soft) 150 m northwest
2 (soft) 150 m west
4H (soft) 300 m west
5H {hard) 150 m north
Page No. 1 Hover-in-Ground-Effect
2 Flight Idle
3 Ground Idle
b Hover-Cut-of-Ground-Effect
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APPENDIX E

Direct Read Acoustical Data for Static Operations

This appendix contains time averaged, A-weighted sound level data (Leq
values) obtained using direct read Precision Integrating Sound Level
meters, Data are presented for microphone locations 3H, 2, and 4 (see
Figure 3.3).

A description of the measurement systems is provided in Section 5.6.2, and
a figure of the typical PISIM system is shown in Figure 5.4, Data are
shown in Table E-1, depicting the equivalent sound levels for eight
different source emission angles., In each case the angle is indexed to
the specific measurement site. A figure showing the emission angle
convention is included in the text (Figure 6.1). 1In each case, the Leq
(or time averaged AL) Tepresents an average over a sample period of
approximately 60 seconds.

Quantities appearing in this appendix include:

HIGE Hover-in-ground-effect, skid height 5 feet above
ground level

HOGE Hover-out-of-ground-effect, skid height 30 feet
above ground level

Flight Idle Skids on ground

Ground Idie Skids on ground



TABLE E.1
STATIC OPERATIONS

DIRECT READ DATA

{ALL VALUES A-WEIGHTED LEQ, EXPRESSED IN DECIBELS)

BELL 222
d-14-83

SITE 2 (SOFT SITE)

HIGE

Y-0 B1.7
¥-313 Bd.3
Y-270 82.8
¥-225 B5
Y-180 B4.2
Y-135% 84.8
Y-50A B3.4
Y-43 g3
BELL 277

4-14-83

SITE 4H {SOFT SITE)

H1GE

1-0 1.l
¥-313 72,2
¥=270 1.3
¥-223 73
Y-180 1.8
Y-135 72,3
Y-51 71.8
Y-45 7l
BELL 222

4-14-83

SITE SH (HARD SITE)

HIGE

Y-0 71.2
Y=313 72.7
Y-270 7.6
Y-225 7.1
=180 71.4
¥-133 70.7
¥-%0 72.1

¥-43 49,

HOGE

-0
2-315
2-270
£-225
Z2-180
i-135
2-90
I-43

HOGE

-0
I-3135
=270
=223
2-180
2-133
-0
-4

HOGE

-0
=315
-
2-213
2-180
2-133
-0
2-45

78

78
1.6
73.7
74.7
7.9
79.%
74.3

73.8
74,3
711
73.4
73.3
3.7
73.8
72.H

79.9

Bl
B0.4
g2.7
Bl.3

7%.4
74.5

FLT. 10LE

2-04
X-31%
%-1804
A-1334
X-704
X-4%

FLT.IDLE

=04
2318
A-2704
R-2TW
A-1804
x-135%4
X-904
A-4%

FLT. IDLE

x-04
X-3154
A-2704
X-2254
X-1804
=13
X-904
X454

é1.3
él.1
62.4

&4
42,4
63,4

6%.3
é7.9
8.2
8.4
0.6
6%.1
68,3
6%.3

7.9
68,4
71.4
71.8
49.9
0.5
&7.2
68,4

GMD. IDLE

3-08
X-2708
A-1808
A-70B

BND. IDLE

A-0B
A-2708
¥-1808
A-9908

GhD. IDLE

X-08
A-2708
A-1B08
A-708

35.5
d9.d
93.1
383



APPENDIX F
Cockpit Instrument Photo Daca

During each event of the June 1983 Helicopter Hoise Measurement pProgram
cockpit photos were taken. The slides were projected onto a screen
(considerably enlarged) making it possible to read the imstruments with
reasonable accuracy. The photos were supposed to be taken when the
aircraft was directly over the centerline-center microphone site.

Alrhough this was not achieved in each case the cockpit photos reflect the
helicopter “"stabilized" configuration during the test event. One
important caution is necessary in interpreting the photographic
information; the snapshot freezes instrument readings at one moment of
time whereas most readings are constantly changing by a small amount as
the pilot "hunts" for the reference condition. Thus fluctuations above or
below reference conditions are to be anticipated. The instrument readings
are most useful in terms of verifying the region of operation for
different parameters. The data acquisition is discussed in Section 5.3

Each table within this appendix provides the following inforamtion:

Event No. This event number along with the test date provides
& cross reference to other data.

Event Type This specifies the -event.

Time of Photo The time of the range control synchronized clock
consistent with acoustical and tracking time
bases.

Heading The compass magnetic heading which fluctuates

around the target heading.

Altimecer Specifies the barometric altimeter reading, one of
the more stable indicators.

TAS Indicated airspeed, a fairlv stable indicator.

Bocor Speed Main Rotor speed in RPM or percent, a very stable
indicator.

Torque The torgue on the main rotor shaft, a fairly stable
value.
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HELICOFTER: BELL 222
TEST DATE:  4-14-83

OPERATION: & DEGREE APPROACH/TARGET JAS=73 KTS

CENTERLINE

TABLE G.13

NIC 45 NIC #1 MIC &4

EST. EST. EST.

SIDELINE

NIC #2 HIC ¥3
EST. ELEV  EST.  ELBW

EVENT N0 ALT. P-ALT. ALT. P-ALT, ALT. PALT. CPA ANG CPA  ANG
014  294.9 289.6 354.9 3407 4DI.1 394.4 6066 35.8 402.3  36.0
015 304,01 298.5 370 353.4 4209 414 &15.4 34,9 4107 3.3
016 2084.8 273.4 348.5 340.7 399.3 387.4 402.%9 35.3 S9B.3  35.7

HELICOPTER: BELL 222 TABLE G. 14

TEST DATE:  4-14-83

OPERATION: & DEGREE APPROACH/TARGET 1A5=85 KTS

CENTERLINE SIDELINE
NIC #5 NIC #1 NIC ¥4 NIC #2 NIC 43
EST, EST, EST, EST, ELRV  EST. EL®

EVENT NO  ALT. P-ALT, ALT. P-ALT. ALT. PALT. CPA ANG CPA AN
PI7 287.1 277 3523 340.7 404.4 3944 405.2 35.4 400.3 2%
PI8 3041 2955 3764 3623 4324 4225 419.4 W4 44 30.8
P19 3105 298.9 3747 367 425.9 414 418.4 3.3 4135 0.4

HELICOPTER: BELL 222 TABLE G.15

TEST DATE:  4-15-83

OPERATION:  EXPIMENTAL MULT! SEGMENT APPROACH

CENTERLINE SIDELINE
NIC 5 MIC 1 MIC B4 NIC §2 MIC #3
EST, EST. EST, EST. ELR EST. ELRY

EVENT N0 ALT. P-ALT. ALT, P-ALT. ALT, P-ALT. CPA A6 CPA  ANG
020 1044 98,8 171.5 154.4 223.3 6.4 521 19.2 S18.3  19.7
B2l 1727 1407 2399 231.4 2935 281.3 S47.4 2% 5437 26.5

3.%0
6.40
7.80

/.40
7.70
7.90

.40
B.20

ANG
54

6.80
.33
&.67

REG.
LD
ANGLE

EM on LA
= m om
b = T

REG,
/D
ANGLE

O O
L= ¥ g

REG.
L0
ANGLE



HELICOPTER: BELL 222

TEST DATE:

OPERATION:

EVENT WO

L
L2
L3
L4
L3
Lé

HELICOPTER: BELL 222

TEST DATE:

OPERATION:

EVENT NO

N7
HE
H?

HELICOFTER:

TEST DATE:

OPERATION:

EVENT NO

L
NIl
NiZ
K13

TABLE G.I10

§-14-83
¢ DEGREE 1CAD APPROACH/TARBET 1AS=¢5 - ~:
CENTERLINE SIDELINE
NIC ¥3 HIC §1 HIC &4 NIC &2 NIC R3
EST. EST. EST, EST. ELEV  EST. ELEW
ALT. P-ALT.  ALT. P-ALT,  ALT. P-ALT. CPA ANG Cra ANG
07.1 295,97 3804 367 4388 4279.8 42,9 37.7 462 381
33,0 303.8 392.8 3717 4563 447.9 4295 384 £23.2 a9
273.8 287.2 352.9 3347 400 374.1 €05.5 35.7 401.1 34
0.2 2824 4 M2.e 4227 4144 812 3.5 4085 3.9
284.1 279 359 336.7 4172 411,240 360 4034 385
283.1 280.1 34,1 3328 444.8 4468 4IB. 37.3 4111 37.7
TABLE G.11
¢-14-83
6 DEGREE APPROACH/TARGET 148=45 KTS
CENTERLINE SIDELINE
HIC ¥3 HIC #1 HIC 84 NIC %2 MIC #3
EST, EST. EST. EST.  ELEV  EST. ELBW
ALT. P-ALT.  ALT. PALT.  ALT. P-ALT, CPa ANG CPé ANG
285.4 275,46 335.4 3407 411.3 401.B é07  35.8 4D1.B 342
3.1 298.5 352.2 33,7 394 7.6 4050 354 4014 359
22,0 284.8  360.4 3407 414.9 4DB.&  409.9 3.2 4047 344
BELL 272 TABLE G.12
é-14-83
6 DEGREE APPROACH/TARGET 1AS=55 KTS
CENTERLINE SIDELINE
NIC &5 MIC 8] MIC #4 NIC &2 HIC #3
EST. EST, EST. EST. ELEV  EST. ELRV
ALT, P-ALT.  ALT. P-ALT.  ALT. P-ALT. CPA ANG CPA NG
289.8  285.4 372.3 3.7 38,1 434 417 3.1 40,7 37.6
293.3 288.4 353.5 3328 4015 397.8 405.8 5.7 4014 36
2B1.8  276.7 3911 344.9 4784 4745 628.5 385 419.9 390
286,3 280.1 395.5 3329 410.7 405.8 07 nN.Y M1E 3.2

ANG
|

B.20
7.590
3.70
7.00
6,70
.10

é.20
5.20
7.90
é.10

ANG

7.00
B.80
§.70
B.30
B.é0
13,00

11.20
7.50
15.00
B.40

7.43
8.33
d.20
7.74
7,45
§.62

AHG
a4

7.31
S I
.47

REG.
C/D
ANBLE

0o O O LA - O
W L T
LA T N .

REG.
&0
ANGLE

R
Cad B LA



TABLE G.7

HELICOPTER: BELL 222
TEST DATE:  4-14-83
OPERATION: 700 FT FLYOVER(D.9ENE)/TARGET 14S=123 KTS
CENTERL INE SIDELINE
NIC §5 NIC 41 NIC ¥4 NIC B2 HIC #3
EST. EST. EST. EST, ELV EST. ELEV
EVENTNO  ALT. PALT. AT, PALT. AT, P-ALT.  CPA A6 CPA @G
HAS 491.7 485.7 7201 IS4 7505 M B7Z9 557 E%5. A
W6 7849 778 T78.8 9.6 I M5 9.2 507 9218 509
He7 7613 7475 7694 8 TS M8 A5 574 9132 574
HELICOPTER: BELL 222 TABLE G.8
TEST DATE:  4-14~83
OFERATION: 700 FT FLYOYER(O.BSUNE)/TARGET 14S<110 KTS
CENTERLINE SIDELINE
HIC #5 HIC 1 NIC 44 NIC 82 NIC 83
EST. EST. EST. EST. ELEY EST. ELEV
EVENT N0 ALT. P-ALT.  ALT, PALT. AT, P-ALT. PR ANE  CPA ANG
148 7565 7526 7422 7eB. 7488 7819 07.2 572 906 5.2
49 7200 7143 7265 7363 3.6 7.4 BII5 5.9 8768 5.9
HELICOPTER: BELL 227 TABLE G.9
TEST DATE:  4-14-63
OPERATION:  ICAD TAKEOFF
CENTERLINE SIDELINE
NIC 45 NI B MIC 14 MIC B2 MIC 83
EST. EST, EST. EST, ELV  EST.  ELEV
EVENTNO  ALT, P-ALT. ALT. P-ALT. ALT. P-ALT. CPA  ANG  CPA  ANG
K20 689.1  NA 737.8 7299 7744 7667 888 56,3 8RS8
K2l 4726 438.1 418.5 419.3 7349 6977 0.4 515 758 0 5
K22 563.4 S529.8 728.4 717.0 B9 8246 89 56 Al 5.
K23 523,2 4813 7é0.4 7299 949.8 907 9058 5.1 8R0S 579
K24 552.4 513.9 735 725.4 680.6 B839.8 884.5 562 8452 547
K25 §76.64 5468 808.1 753.2 9927 969 9M6.l 587 9M.9  59.9

=0.40
-1.30

4,30
7.0
12.30
19,60
13.10
23.30

REG.
&0
ANGLE

REG,
LD
ANGLE

REEG.
L0
ANELE

4.3
13.4
15.3

22
17
21,3



HELICOFTER: BELL 222 TABLE G.4

TEST DATE:  4-15-83

OPERATION: 500 FT FLYOVER(0.B#UNE)/TARGET 148=110 KTS

CENTERLINE SIDELINE
MIC K5 NIC A1 NIC ¥4 NIC #2 HIC 3
EST. EST. EST. EST. ELEV EST. ELEV  ANG
EVENT NO  ALT, P-ALT. ALT. P-ALT. ALT. PALT. CPA  ANG CPA AN S5-I
DIé 430.4 418,59 421 451.B 413.5 3987 447.5 406 44B.3  40.5 .80
DI7  431.& 4227 428.4 450,01 424.2 415 452.5 41.1  452.7 41 3.2
D18  424.4 412.1 430.6 455.1 4359 420.8 454 41,2 453.4 412 S.00
HELICOPTER: BELL 227 TABLE G.5
TEST DATE:  4-15-83
OPERATION: 500 FT FLYOVER(D.7®MNE)/TARGET 145=94 KTS
CENTERLINE SIDELINE
MIC 45 HIC #1 HIC #4 MIC K2 HIC 3
EST. EST. EST. EST. ELEV EST. ELEY ANG
EVENT NO  ALT. P-ALT.  ALT. P-ALT. ALT. P-ALT. CPA A6 CPA  ANG  5-I
E19  330.1 471.3  305.2 0 285.3 441.4 579 318 580.7 3.7 ~43.70
HELICOPTER: BELL 232 TABLE G.6
TEST DATE:  4-14-83
OPERATION: 700 FT FLYOVER(UNE)/TARBET 1AS=137 KTS
CEMTERLINE SIDELINE
NIC #5 MIC #1 HIC M4 HIC #2 RIC 3
EST. EST. EST. EST. ELEV EST. ELEV ANG
BVENT NO ALT, P-ALT. ALT. P-ALT. ALT. P-ALT. CPA A6 CPa ANG =1
642 &71.2  4dd.4 63F  474.3  449.2  442.7 BIZ .4 53.3  B23.7 53.2 1.20
G43 €53,  449.4  452.4  441.9  451.8 444,  BI17.3 53 817.4 93 1.40
G44  £73.3  447.9  489.7  4B3.T  444.9 a6l 831 S2.7 B34 53.7 1.80

ANG
-4

-&.10
-4.00
-3.90

NG
5-4

-1.18
-0.45
0.3l

ANG
a4

-1.38
-0.14
_ﬂrqé

REG.,
i
ANGLE

i
" B
[ S -

REG.
]
ANGLE

REE,
C/D
ANGLE



HRELICOPTER: BELL 222 TABLE G.l|
TEST DATE:  4-15-83

OPERATION: 1000 FT FLYOVER(D.P#ME)/TARGET 145=123 KTS

CENTERLINE SIDELINE

HIC #5 MIC §1 HIC #4 HIC 82 MIC #3
EST. EST, EST. EST. EBV  EST. &R
EVENT N0 ALT. P-ALT. ALT. P-ALT.  ALT, P-ALT. CPa ANG CP4 ANG

Al 901.1 942.6 1103.2 703 1244.3 1324.7 1207.% 46 1184.3 44,3
AZ 1013.2 1019 1042.4 1019.4 1044.1 1069.9 11527 44,7 1149.5  44.8
Al 949 D447 945.5 72,5 942.B  959.8 1083.7 &3 1084.1 é3
A4 1043.2 1048.3 1017.4 101%.6 996.8 1002.1 1130.1  44.2 1133.1  44.2
A3 1039.4 1040.3 1002.% 1020.1 973.5 973.5 117.1  43.9 1121.3  43.8
A6 917.4  908.4 9013 929.6 BBB.5 B74.B 1026.8  41.4 1028.7 1.3

HELICOPTER: BELL 222 TABLE G.2

TEST DATE:  4-15-83

OPERATION: 500 FT FLYOVER(WME)/TARGET 1AS=137 KTS

CENTERLINE S1DELINE

HIC %3 HIC Rl HIC B4 MIC ¥2 NIC &3
EST. EST. EST, EST. ELEV EST. El®V
EVENT N0 ALT. P-ALT.  ALT. P-ALT,  ALT. P-ALT. Cra NG CPA A

B? 40,2 457 454.9 4448 449.8  445.5 4ER.B 427 470.3 427
BE  383.4 384.7 34 380.8 384.4 384 424.1 38 424 38
By 345.2 36 4.1 3675 BB1.2  382.4 418 37,2 4174 373

HELICOPTER: BELL 222 TABLE G.3
TEST DATE:  4-15-83

OPERATION: 500 FT FLYOVER(O.F#NE)/TARGET 148=123 KTS

CENTERLINE SIDELINE

MIC #3 HIC ¥t HIC #4 HIC %2 HIC A3
EST. EET, EST, EST.  ELEV  EST. ELEW
EVENT N0 ALT, P-ALT. ALT, P-ALT. ALT. P-ALT, CPA ANG CPA AN

CI0  40%.3 410.2 393.8 400.1 381.5 381.9 430.2 38,7 431.5 38,
C11  432.5 444.9 451,35 4é9.1 450.7 4d1.1 467.7 42.5 447.B  42.5
Ci12  4p7.7 400 392.4 417.8  380.2 34%.% 429.3 38,4 4305 3.5
C13 3475 345.3 343.8 330.8 340.6 337.8 4600.2 34.9 4005 34,9
(14 384.3 382.8 382.8 392.6 3801 375.5 423.4 377 4237 1.9
Ci15 480 451.5 444,86  472.7 435.9 424.7 4444 42,2 445.6 422

ANG
51

-4.50
0.10
0.70

=3.20

=230
2.40

0.0
~0.40
0.20

-1.10
2.80
2.10
0.é0
1.10
2.30

40.40

5.0
-1.40
=17
=5.30
=¢.00

AN
1-4

=2.10
0,40
L.80

-2.00
-3.20
_5150
-1.40
=1.%0
=5.50

ANG
5-4

21.22

2.94
-0.40
=2.49
-3.88
=183

ANk
5-4

-0.47
0.08
0.97

REG.
C/D
ANGLE

18,8
2,9

=2.3
=3.3
=14

REG.
&0
ANGLE

[= = B == 4

REG.
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APPENDIX G
Photo-Altitude and Flight Path Trajectory Data

This appendix containg the results of the photo-altitude and flight path
Lrajectory amalysis,

The helicopter altitude over a given microphone was determined by a
photographie technique which invelves photographing an aircraft during a
flyover event and proportionally scaling the resulting image with the
known dimensions of the aircrafr, The data acquisition is described in
detail in Section 5.2. The detailed data reduction procedures is set oput
in Section 6.2.1: the analysis of these data is discussed in Section 8.2

Each table within this appendix provides the following information:

Event HNo. the test run number
Est. Alt. estimated altitude above microphone site
P=Alt. altitude abaove photo site, determined by

photographic technique

Est. CPA estimated closest paint of approach to micraphone
site
Est. ANC Helicopter elevation with respect to the ground as

viewed from a sideline site as the helicopter
passes through a plane perpendicular to the flight
track and coincident with the observer location,

ARG 5-1 flight path slope, expressed in degrees, betwsen-
P-Alt site 5 and P-Alt site 1.

ANG 1-4 flight path slope, expressed in degrees, between
P-Alt Site 1 and P-Alt Site 4.

ANG 5-4 flight path slope, expressed in degrees, between
P-Alt Site 5 and P-Alt Site 4.

Reg C/D Angle flight path slope, expressed in degress, of
regression line through P-Alr data pointcs.




HELICOPTER: BELL 222

TEST DATE:

OPERATION:  EXPERIMENTAL MULTI SEGMENT APPROACH

EVENT NO

B4
@23
24
27
L]
g2y
630
g3l
3z
g3z
634
@33
038
037
038
@37
(40
B41

=16-73

HIC #5

EST,
ALT.

140.8
17,9
114.5
136.2
207.1
108.2
13.%
194.8
117.6
228.3
194.3
187.4
230.%
27%.4
130.4
142
141.B
143

P-ALT.

132
§5.2
§7.5

1188
180.1
§3.4
4.5
140,32
87
1%9.1
162.9
143,2
211.5
2al.B
131.3
137.2
1.4
130.7

CENTERLINE

MIC &I

EST.

ALT, P-ALT,

192.4
180.1
203.1
247.1

344
171.3
202.9
327.4
275.4
337.1
2.8
283.5
322.9
3%3.7

299
262.8
294.9
303.3

184.9
170.8
194.8
278
333.7
[aé .4
1é0.4
341.7
241.2
5.4
3.2
2793
318.1
3RE.8
243.4
263.3
284.3
307.4

HIC &4

EST.
ALT.

233.4
3717
273.8
335.4
436.7
2214
304.3
433.5
401.4
423.%
407.3
358.3
3%4.3
488.3
338,3
343.1
420.4
413.4

F-ALT.

i24.7
224.7
254.1
318.4
428.3
208.4
295,8
375.2
34%.7
291.8
2.7
357.1
a75.8
458.3
316.4
6.2
38B.5
374.3

TARLE G.l6

SIDELINE
MIC K2 HIC #3
EST. ELEV  EST., ELEW
CPA ANG CPA AG
J28.3 2.4 5.9 A7
s394 S20.8 20,7
332.3 2.4 584 234
0.6 24,7 5444 27.4
801,5 35.1 %Sp1.4 35.%9
a2l 1%.2 5184 19.7
2.2 224 5242 234
aF2.2 33,0 5827 34.4
363.9 9.3 5843 0.3
i96.4 4.4 358B.8  35.1
983 2.4 TR K )
47,8 9.9 51,7 30.4
o86.5 33.3 5821 33.8
§31.4 388 4221 394
4.2 74 5481 28l
957.6 28.1 551.8 ZB.B
J74.7 311 Séd.d 320
378 31,7 5689 325

ANG
1

8.10

E.70
11.20
12,350
17.30

B.20
11.00
20.20
17.30
14.40
17.80
12.40
12,20
Ld.40
12.80
14.40
19.40
19.80

AG
1-4

4,40
4.30
7.10
10.40
10.90
4.90
13.40
g.20
12.40
3,40
6.00
6.70
8.70
7.20
B.70
3.50
12.00
7.50

AG
54

5.38
7.30
P14
11.47
14.17
d.54
13.21
13.43
14,03
11.08
12.04
7,48
5,48
i1.84
10.77
10.31
15.74
14,01

REG.
C/0
ANGLE
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HELICOPTER:

TEST DATE:

BELL 222
4-15-83

TABLE G.17

OPERATION:  EXPERIMENTAL MULTI SEGMENT APPROACH

CENTERL INE SIDELINE
NIC #5 NIC #1 NIC §4 NIC §2 NIC 83
EST. EST. EST. EST. ELEV  EST, ELBV NG
BVENTNO  ALT. PALT. AT, PALT. ALT. PALT,  CPA MG PR ANG 5-1
Re2 1086 B84 238.6 254 32.3 323 448 259 5.8 26.8 14,50
HELICOPTER: BELL 222 TABLE:E-. 18
TEST DATE:  4-15-83
OPERATION:  EXPERINENTAL MULTI SEGNENT APPROACH
CENTERLINE SIDELINE
NIC §5 HIC A1 NIC B4 NIC 2 MIC K3
EST. EST. EST. EST. ELV  EST. ELEV  aNg
EVENTND AT, PALT.  ALT. PALT, AT PALT, CPA  ANG  CPA NG 5
SIOM6T 20 204 9.4 411 9 SB3 BT 5562 NI 1070
HELICOPTER: BELL 222 TABLE G.19
TEST DATE:  4-14-83
OPERATION: 12 DEGREE APPROACH/TARGET 14S=45 KTS
CENTERLINE SIDELINE
NIC §5 MIC 11 NIC M4 NIC 2 NIC 83
EST. EST. EST. EST. ELV EST. ELBV  ANG
EVENTND  ALT. PALT.  ALT. P-ALT.  ALT. PALT, CPA  AN6 PR ANG 5-1
T OMOIBE MOM M MMM M MM
T 7.3 2513 4134 3808 S27.9  SI0 6428 40.1 4310 0.8 14.70
T8 287 29.9 9.9 WA W25 4847 627.8 /4 K167 Wd 14.60
129 107 284 B2 37 N33 4813 628.6 385 4176 W2 1570

15,40

AN
1-4

3 2
14,70
14,50
13.10

ANG
§-4

13.37

ANG
5-4

16,66

ANG
5-4

N4
14.73
14,52
14.40

REG.
i)
ANGLE

12.1

REG,
&0
ANBLE

3.2

REG.
gy
ANGLE

N
13.3
13.1

13



HELICOPTER: BELL 222 TABLE G.20
TEST DATE:  4-14-B3

OPERATIMN: 12 DEGREE APPROACH/TARGET 1AS=55 KTS

CENTERLINE SIDELTNE

HIC 85 HIC §l HIC B4 HIC 82 HIC #3
EST. EST. EST, EST. ELEV EST. ELEV
EVBNT N0 ALT. P-ALT.  ALT. P-ALT.,  ALT. P-ALT, CrA AN CPa NG

van  254.7 239 3BB.7 3534 4955 481.3 827 3.3 4145 b
U3t 27.5 248.5 395.3 3.7 494.9 4779 431 3B.B 821 39.4
U2 264.5 248.5 3B5.5 397.8 482  444.9 625 38,1 415.4 387

HELICOPTER: BELL 222 R
TEST DATE:  4-14-83
OPERATION: 12 DEGREE APPROACK/TARGET 1AS=45 KTS
CENTERLINE SIDELINE
MIC 43 NIC #1 MIC W4 MIC ¥2 HIC K3
EST. EST. EST. EST. ELEV  EST.  ELRV

EVENT N0 ALT. P-ALT. ALT, PALT.  ALT. P-ALT. CPa AN CPa e

Va3 232 232.5 392.4 362.3 504.4 4BS.7 429.3 386 418.3 39.3
V4 2585 233.3 38B.4 374,64 491.9 445.7 424.8  3B.3  6l6.8 39
V35 2587 237.8 3BB.A 347 491.% 471,01 £24.% 3B.3 S14.7 3%

HELICOPTER: BELL 222 TABLE G.22
TEST DATE:  4-14-83

OPERATION: 12 DEGREE APPROACH/TARGET 1AS=70 KTS

CENTERLINE SIDELINE

MIC #3 HIC ¥l HIC #4 NIC #2 HIC #3
EST. EST. EST, EST. ELEV  EST.  ELRY
EVENTNO  ALT. P-ALT.  ALT, P-ALT.  ALT., P-ALT, CPA ANG CPa PG

Wid 277.5 243,27 418,35 421.4 331 493.8 445.5 404 4344 4141
W37 244.2 234,3 395.8 389.3 500.7 4711 4314 38.8 d2f 395
W38 254.2 227.1 401.7 3849 519.3 491.4 4350 392 423.4 4
Wir  234.3 227.1 3937 3.4 5049 4745 430.2 387 419.2 394
Wil 271.8 234,27 402.% 418,55 507.4 445.7 435.9 3%.3 4254 40

NG
a=1

1210
14.10
12.50

14,80
14,20
14,74

ANG
i1

19.50
17.30
17.80
17.40
20,50

14,40
12.20
12,50

14,10
10.30
11.70

B.4al
7.40
12,20
10.50
3.50

ANG
5=

13.83
13.12
12,51

14,43
13.29
13.34

AN
5-4

14.29
13.42
15.03
14.22
13.24

REG.
o
ANGLE

12.4
11.8
1.2

REG.
E/D
ANGLE

13
12.1
12,1

REG.

ANGLE

13.1
12,2
13.7
2.9
12.2







APPENDIX H

BWS Upper Air Meteorological Data

This appendix presents a summary of meteorological data gleaned from
Kational Weather Service radiosonde (rawinsonde) weather balloon
ascensions conducted at Sterling, VA. The data collection is further
described in Section 5.4. Tables are identified by launch date and launch
time. Within each table the following data are provided:

Time

Surface Helght
Height
Preszure
Temperature

Relative
Humidity

Wind Direccion

Wind Speed

expressed first in eastern standard, then in
eastern daylight time

height of launch point with respect to sea level
height above ground level, expressed in feet
expressed in millibars

expressed in degrees centigrade

expressed as a percent

measured in the direction from which the wind is
blowing

expressed in knots
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APPENDIX T

NW5S — IAD Surface Meteorological Data

This appendix presents a summary of meteorological dats gleaned from
measurements conducted by the Mational Weather Service Station at Dulles.
Readings were noted evey 15 minutes during the test. The data dcquisition
is described in Section 5.5.

Within each table the following data are provided:

Time( EDT)
Barometric
pPressure
Temperature
Humidircy
HWind Speed

Wind Direction

time the measurement was taken, expressed in
eastern daylight time

expressed in inches of mETrCUry

expressed in degrees fahrenheit and centigrade
relative, expressed as a percent
expressed in knots

direction from which the wind is moving
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APPENDIX J

OUn-5ite Meteorological Data

This appendix presents a summary of meteorclogical data collected on-site
by TSC personnel using a climatronics model EWS weather system. The
anemometer and temperature sensor were located 5 feet above ground level
at noise site 4. The data collection is further described in Section 5.5.

Within each table, the following data are provided:

Time( EDT) expressed in Eastern Daylight time

Temperature expressed in degrees fahrenheit and centigrade
Humidicy expressed as & percent

Windspeed expressed in knots

Wind Direction direction from which the wind is blowing

Remarks observations concerning cloud cover and visibility
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